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PREFACE 

' The object of this book is to provide a school course 
of practical training in Chemistry, suitable for those 
studying the subject as an integral part of their general 
education, and at the same time to lay a solid foundation 
for such as may requu^ to specialize in it later. 

The ultimate object of the authors is the cultivation of 
a scientific habit of mind in the pupils, through the 
medium of Chemistry, rather than the mere acquisition 
of the facts of the science. 

Changes in the syllabuses of most examining bodies 
have now made the achievement of this aim possible, not 
only for the few who are independent of external examina- 
tions, but for the many whose future career depends on 
success in these examinations. 

To meet these changed conditions of school work many 
books of great merit have appeared, but, in the opinion 
of the present authors, too little systematic effort has 
been made to induce pupils to think for themselves, and 
insufficient care taken to relieve the teacher from the 
immensely increased burden of work which is involved 
in the method of individual investigation. 

To train the pupils in thoughtful habits of study is, 
in any subject, one of the teacher's most difficult tasks. 
In some cases this difficulty may be due to lack of 
interest, but in science there is less danger of this than 
of the absorption of so much interest in experimental 
details as to leave little for the real object of the work. 

A course of investigation which may be admirable for 
a single boy in charge of a private tutor, or for a small 
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class continuously tinder the same teacher, is apt to fail 
with larger classes, when the capacities of individuals 
vary widely and when a pupil passes from one teacher 
to another every term. 

The teacher therefore requires to be liberated as much 
as possible from the necessity of dealing with details of 
manipulation, so that he may be able to insist that each 
member of the class shall think about and interpret the 
experimental results. The requirements for a book aiming 
at this object seem to be : — 

(a) Such clear directions for the performance of experi- 

ments and the observation of results as shall be 
intelligible without further explanation ; 

(b) Some definite means of inducing thought about 

the work done; 

(c) Opportunity for applying original thought to the 

solution of problems. 

To carry out this plan, it has been thought well to 
begin most chapters with a list of prdi/minary questioTia, 
which are to be answered from general knowledge. In 
this way a pupil begins by thinking out what he already 
knows about the subject and reduces his ideas (correct or 
otherwise) to writing ; the necessity for experiment is thus 
often made evident, and the answers to the questions form 
a useful record of the extent of his previous knowledge. 

Following on these preliminary questions are full and 
plain directions for experiments and observations, but 
without any indication of the results expected. 

After the practical work a list of questions is given in 
order to elicit the chief concluaioTis which are derivable 
from the experiment ; answers to these are always to be 
shown up before proceeding to the next experiment. 

The teacher, being freed from attending to points of 
manipulation, will have time to check the results of each 
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pupil and to see that correct answers to the questions 
are obtained, whilst the class is in the Zahoraiory. 

Nothing beyond a diagram, record of observations, and 
answers to the questions^ is expected in the Laboratory 
Notebook, a full account of the whole experiment being 
reserved for evening work, when it is to be oarefally 
written in a Fair Notebook. The soundness of the work 
having already been tested in the laboratory, no more 
than a cursory inspection of Fair Notebooks is required 
to ensure neatness and adequacy of description. 

Another serious difficulty in work of this kind is that 
of keeping a class together, in order that the class-room 
work, which naturally resolves itself into a discussion of 
the results obtained in the laboratory, may come at the 
right time for appreciation by the whole class. Variation 
in the speed of working of different pupils, their absence, 
and the unavoidable promotion of pupils at different stages 
into the same class, all tend, unless special precautions 
are taken, to separate the work of individual members to 
such an extent as may destroy the whole spirit of the 
scheme. 

To meet this difficulty, practical problems have been 
inserted after most experiments ; these can be attempted 
by the quicker, and omitted by the slower workers at the 
discretion of the teacher. 

A list of additional problems is also given, and these are 
particularly useful at the beginning of a term for the em- 
ployment of the more advanced, whilst the others continue 
the normal course until all have reached the same stage. 

It has been thought advisable to divide the book into 
three parts. Part I is intended for beginners about fourteen 
years of age, and consists of those portions of mensuration 
and elementary physics which are an essential preliminary 
to the study of Chemistry. 

a 3 
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Each chapter is complete in itself, and for those who 
have already done some mensuration, certain portions may 
be omitted at this stage without interfering with the general 
sequence. 

Some teachers may prefer to postpone experiments on 
the laws of gases, though our experience shows that they 
are not beyond the ability of young boys. 

Part n introduces more strictly chemical subjects, and 
deals with combustion, air, nitrogen, oxygen, &c., with 
simple gravimetric and volumetric experiments. 

Elements, compounds and mixtures, chemical and physical 
change, the composition of water, hydrogen and carbonates, 
are treated practically, but also with special reference to 
theory, a point apt to be neglected, and a sufBcient basis 
of quantitative work is laid for a proper understanding of 
the atomic theory, which is introduced by experiments on 
the diffusion of gases. 

Part in is a continuation of the course in the light of the 
atomic theory, intended to cover the ground required for 
a school-leaving certificate, for the new syllabus of the 
Woolwich and Sandhurst entrance examinations, and others 
conducted on similar lines. 

Whilst laying no claims to originality in the experimental 
part of the book, the authors venture to hope that the 
method of treatment will be useful to teachers in diminish- 
ing the difficulties of carrying out an extended course of 
elementary investigation. 

The experiments have been tested practically in classes at 
Charterhouse and at Cheltenham College, and the authors 
take this opportunity of thanking their colleagues and 
others who have been kind enough to give them the benefit 

of their criticism. 

F. E. L. W. 

G. W. H. 
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CHAPTEE I 

THE MEASIJBSMENT OF LENGTH, ABEA, AND TOLUMS 

I 

The Metric Systesi of Weights and Meaevree. 

In all scientific work the weights and measures used are 
those of the French or Metric system, which in point of 
simplicity far excels that commonly used in England. 
The advantage is gained by making a given weight or 
measure always 10 (or some multiple of 10) times the 
next lower denomination, instead of 8, 80^, or 28 times, 
as in the English system ; so that fractions of the unit 
of measurement may be easily expressed by decimals. 
The system is also rendered simpler by discarding special 
tables for such materials as doth, hay and straw, metals, 
&c. On the other hand, it is less convenient for mental 
arithmetic^ since it is more difficult to multiply decimal 
fractions than vulgar fractions; for example, •75x-76 is 
more difficult to work in the head than i x ^. 

The adjective ^ metric ' is derived from tho word ' metre ' 
— ^the name given to the standard of length. 

This standard is the length at 0^ C.^ of a bar of platinum 
kept in Paris, and is equal to 89*87 English inches. 

The prefixes expressing the divisions of a metre (milli-, 
centi-, deci-) are derived respectively from the Latin mille 
(1000), ceTUum (100), decern (10) ; those expressing the 
multiples (deka-, hecto-, kilo-) from the Qreek deka (10), 
hekaton (100), chUioi (1000). 

* This indicates that the platinum is at the tempeiature of melting ioe, 
i. e. at zero on the oentigrade seale (see Chap. III). 

B 
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The following tables slioald be leamt by heart : — 

Length. 

10 mtRt-metres (mm.) = 1 centimetre (om.) = -Ol m. 
10 cen^metree . = 1 decimetre (dm.) = •! m. 
10 cfecf-metres = 1 metre (m.) 

10 metres = 1 dekametre (Dm.)= 10 m. 

10 dekchmetreB = 1 hectometre (Hm.) = 100 m. 

10 hecUhmetTes = 1 kilometre (Em.) = 1000 m. 

* Dekametre ' is often written ' decametre.' 

Area. 

.00 sq. mm. = 1 sq. cm. 
.00 sq. cm. = 1 sq. dm. 
00 sq. dm. = 1 sq. m. 
00 sq. m. =1 sq. Dm. 
00 sq. Dm. = 1 sq. Hm. 
.00 sq. Hm. = 1 sq. Km. 

Volume. 

1000 cubic miUimetrees: 1 cubic centimetre (cc) 
1000 cubic centimetresssl cubic decimetre (=:1 litre) 
1000 cubic decimetres = 1 cubic metre. 

The cubic centimetre (cc) and litre (L) are 
the most often used. 

Mass. 

1 milligram (mg.) = -001 g. 
10 milligrams = 1 centigram (eg.) s= -01 g. 
10 centigrams = 1 decigram (dg.) s •! g. 
10 decigrams = 1 gram (g.) 
10 grams s= 1 dekagram (Dg.) = 10 g. 

10 dekagrams = 1 hectogram (Hg.) = 100 g. 
10 hectograms = 1 kilogram (Eg.) = 1000 g. 

The Measurement of Length. 

Everybody has a general idea how to find the length 
of an object of moderate size by means of a ruler or scale. 
Easy as it may seem to measure such lengths &irly 
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aceurately in simple cases, it is not so easy to do so guite 
accurately, and, where a scale cannot be used, the problem 
is distinctly difficult. 

In scientific work it is important to make all measure- 
ments to a high degree of accuracy, and to take every 
precaution against mistakes. The degree of aoouraey to 
be aimed at depends on the TMignitude to be measured. 
No one would think of measuring the distance between 
two towns to ^th of an inch, but in finding the thickness 
of a wire the measurement should be made to tvVit^^ of 
an inch at least. As a general rule the measurement 
should be correct to rhf^ o^ Trmr^ P^ ^^ ^^ quantity 
being measured. 

PreUminary Qnetftknui on the Measurement of Length. 

[jRecord your preserU ideas on measuremeTU of length by 
anervering thefoUomn^ questions in your Fai/r NoUi)Ooh, 
You are expected to think out an answer for yourself and 
not to obtain any help.'] 

Explain as carefully as possible how you would obtain 
an accurate measurement of: — 

1. The length of the diftgonal of an oblong tabled 

2. The diameter of a penny. 

3. The greatest breadth of the trunk of a living tree. 

4. The breadth of a river. 

5. The thickness of one page of this book. 

6. The circumference of a small circle. 

7. The shortest distance along a road between two towna 

8. The intemfd diameter of a tube. 

9. The length of the coast line of England from a map. 

10. If you had measured a line as carefidly as you could 
three times, and the results were 6-42 cm., 6*41 cm., 6*44 cm., 
what would be the probable length? 

^ Copy out Question 1 and then write your answer. Do the same for 
the other questions. 

B2 
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In attempting answers to the above questions, you will' 
have seen that measurement of length is often no easy 
matter, and you may have thought of still harder cases, 
such as the height of a mountain, the diameter of the 
earth, the distance between two stars, the thickness of 
a hair. 

Even when the greatest care has been taken, it will 
be found that several measurements of the same length 
will not agree exactly, although they may be very close 
together. The question arises as to which result is most 
likely to be correct Now as there is no reason to think 
that* any one of them is better than any other, it is fair 
to suppose that some of the results are too big and others 
too small. Therefore it is probable that the av«rage or 
mean result will be most accurate. Hence several measure- 
ments must be taken, and those widely differing from 
the majority rejected. The others are to be added together, 
and the sum total divided by their number so as to obtain 
the mean value of the measurement. 

RULES FOR WRITING NOTES. 

The following instructions for taking and writing out 
notes on experiments should be carefully read through 
before practical work is begun. 

Two notebooks. are necessary, one for use in the labora- 
tory, and the other for a more permanent and complete 
record of the work. 

The Laboratory Votebook. 

Whenever possible the notes should be arranged as 
follows : — 

(1) The number of the experiment and its title. 

(2) A full account of all the observations, not omitting 

mistakes. 
N.B. — Records of weighings and measurements 
must be made at once. 
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(8) A diagram in section of the apparatus used 
(4) Answers to the questions. 

Tlie Fair Votabook. 

Li this book must be written a fall account of the work, 
the printed directions and the Laboratory Notes being used 
for guidance. The printed directions must not be copied 
out as they stand, but used for the purpose of recalling 
to the mind what was done in the laboratory. The descrip- 
tion of the work should be written in the first person, all 
observations being recorded, together with the conclusions 
which may be drawn from the experiments. 

The Fair Notes should be written in ink, using only one 
side of the paper, the other being left clear for the insertion 
of diagrams. 

It is very important that the description should be clearly 
expressed in good English. 

The following order is recommended for the Fair Notes : — 

(1) The number and title of the experiment. 

(2) A clearly arranged description of what was done, 

and a record of observations. Diagrams should 
be drawn on the opposite page. 

(3) The conclusions whidi may be drawn from the 

work. These were included in the Laboratory 
Notes in the form of answers to questions, but 
should now be written down as deductions. 
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PRACTIOAL EXERCISES IN THE MEASUREMENT 

OF LENGTH. 

Required for eoDperinfients in Chap. I: — H pencil, 

mathematical instruments^ ruler with metric 

and English scales, set square, millimetre 

squared paper^ thread, wooden blocks and 

spheres, [Extra requirements for problems are 
indicated by italics in stating the problem.] 

Xicp. 1. To measure a straight line to xvv ^ ^ oentimetre. 

DmEGTIONS. 

Draw a fine line on a page in your notebook, and mark 
off three inches by dividers. 

Measure this by means of a metric scale correctly to 
•1 cm., and estimate to -Ol cm. 

Precantioiui. 

(a) Place the ruler on its narrow edge. 

(b) Avoid using the end divisions of the scale. 

(c) Keep the eye exactly opposite the left-hand point, and 

move your head three inches to the right to get it 
opposite the right-hand point when reading the scale. 

Make three measurements using different parts of 
the scale. If any measurement differs from the others 
in the first place of decimals, it must be rejected and 
another made. 
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Labobatobt Notes. 

Record your results thius : 

I » 

1st measurement of 3 in. = cm. 

2nd „ „ „ = cm. 

3rd „ „ „ = cm. 

Total of 3 measurements = 



Average or mean measurement = cm. 



Qnestioiui^: — 

(i) Express the result as a decimal of a metre, 
(ii) Calculate the length of 1 inch in oentimetiea 
(iii) Give reasons for the precautions a, by and c. 
(iv) If the eye were kept considerably to the leffc (or right) of 
the line, what effect would this have on the result ? 
Draw a diagram to illustrate your answer. 

Problems (I. 1). 

1. If the reasons for precautions cannot be given, repeat the 
measurement, deliberately neglecting each precaution in turn 
and finally neglect them alL Compare the results with the 
others. 

2. Draw a line 1 inch long. Measure it in centimetres 
(to -Ol cm.) as in Exp. 1, and compare the result with that 
calculated flrom Exp. 1. State which you think is likely to 
be the most accurate, giving reasons. 

^ The questions need not be copied out in either notebook, but answexs 
to them should be numbered in the Laboratory Notebook and shown up 
before g<»ng on to another experiment In the Fair Notebook incorporate 
these questions with the corrected answers as a»ndu8<09W— expressing 
them entirely in your own words. 
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Bzp. 2. To measure the length of a eunred line. 

Directions. 

Draw a semicircle of 8*1 6 cm. radias on a page of your 
notebook. 

Make a small knot at the end of a piece of thread, 
and place it at one end of the line. 

Gradually lay the thread along the line, keeping each 
section in position with two fingers. 

Place the thread along the scale, find its length correct 
to -1 cm., and estimate to -01 cm. 

Make two other similar measurements. 



Frecautioiia. 

Avoid (a) letting the thread slip ; 

(b) over-stretching it. 

Any other curved line may be measured in a similar 
way. 

Labobatoby Notes. 

Record your results and find the mean as in Exp. 1. 
Express the mean as a decimal of (a) a decimetre and 

{h) a metre. 

(i) Supposing the precautions have been properly taken, 
would you expect the result to be too large or too 
small? Oive reasons and an enlarged diagram to 
illustrate them. 

(il) Can you suggest a more accurate way of measuring 
a curved Une? 
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Problems (I. 2). 

1. Find whether this is a good way for measuring the 
circumference of a penmf. 

2. Bepeat Problem 1, using a marked wooden sphere or a 
fnartle. (This will be wanted again*) 

3. Measure the semicircle in Exp. 2 with an qpisotneter or 
HMgMneoMiren Sketch the instrument and describe how 
it works. Compare the result with the others and explain 
which method you think most accurate, giving your reasons 
fuUy. 
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Izp. 3. To meMHuro thB diuftflitar of a halQ^eaiiy. 

Directions. 

A. Ueing a acale only. Take the mean of three measure- 

ments. State what objectionB you think the method 
is open to. 

B. Udrig wooden blocks and a scale. Take three rectangular 

wooden blocks with straight edges ; one lai^e (X), 
the others smaller and equal (F and Z), and place 
the latter in front of X, but in close contact with it. 
Put the halfpenny flat on the bench between F and Z 
so that it just touches all the blocks. 

Precaution : See that the edges of both F and Z are 

flush with that of X. 
Measure the distance between the nearest extremities 

of F and Z with the scale. 
Make three measurements and find the mean. 

C. Using wMvmetre squared paper. Place the coin so 

that its circumference just touches both a thick 

vertical and a thick horizontal line. 
Bead off the length of the diameter in two directions 

at right angles, estimating to ^th of a millimetre. 
Make two more readings at a different part of the 

paper. 

Laboeatoet Notes. 

Scheme of results of A^ J?, and d calculating the mean of 
each as in Exp. 1. 
Express one result as the decimal of a kilometre. 

(i) Does the halfpenny appear to be a perfect circle? 

(i.e. are the lengths of two diameters at right angles 

equal to one another ?) 
(ii) Which is (a) the most accurate, (() the most convenient 

of the three methods ? 
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(iii) Do the vesnUs of B and C agree wiih that ealcolaled 

fixrtlielengthaf aninehinEzp. 1? 
(nr) What is the length of the diameter in mchea? 



Pboblemb (I. 3). 

1. AaBoming that the dhiauMia on your aeale are eorreet, 
find whether thoee of the aqoared piqper are equally aa (If 
tiiere ia any diaerepancy answer Qaestion (ii) again.) 

2. Measore the diameter of a glass tube, naingaqiiared paper. 
[Mark and ke^ the tube for Prob. 3, pw 13.] 

3. Measoie the diameter of a qphere^ nfling wooden bloetoL 



12 



THE HEASUBEHENT OF 



Sxp, 4. To mmmax% thm daeeuminmLC^ of a ponay and 
» half]p«ii]i7 ^ 

DiBEOnONS. 

A. Make a very small ink dot on the rim of a penny. 

Place a piece of clean paper on your Laboratory 
Notebook, and tilt one end of the book with your 
hand, while the other end rests on the bench. 

Hold the penny in your other hand, and then let it 
run down the paper. 

The rolling coin will leave two small ink dots on the 
paper. Practise this until you get the coin to roll 
without sliding or wobbling. 

Join the two dots by a fine pencil-line, using the ruler, 
and measure it in millimetres, estimating to yV ^^ 
a millimetre. Repeat twice more. Find the mean 
of the three results. 

B. Repeat the experiment, using a halfpenny. 

C. Measure the diameter of each coin as accurately as 

possible. 



Labobatoby Notes. 

Record each measurement as in Exp. 1 and find the mean 
length of the circumference for each coin. 

Divide the length of circumference (in mm.) of each coin by 
its diameter (in mm.), recording thus: — 



Coin. 


Circumf. in 
mm. 


Diam. in 
mm. 


Circumf. 
Diameter. 


Penny 
Hal^nny 









^ Wooden disks may be substituted. 
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(i) Is the quotient — — the same for both coins ? 

diameter 

(ii) Do you think the quotient would be the same for a larger 

circle or not ? Oive reasons. 



Peoblbms (L 4), 

1. Bepeat Ezp, 4, (a) using a thread, (b) rolling the coin 
along the scale, holding it with your finger, (c) wrapping 
a strip of paper round the edge of the coin, pricking it where 
it overlaps with a pin and measuring the distance between 
the holes. Compare the results and state which method you 
think is best. 

2. Describe a circle of 5 cm. radius. Measure its cir- 
cumference with thread and find the value of the 

^. . circumference 

quotient — —. r • 

^ diameter 

3. Measure the circumference of the glass tube used in 
Prob. 2, p. 11, by finding the length of a fine wire which just 
surrounds the tube five times and dividing by 5. Find the 
ratio of the circumference to the diameter. 
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TlM ratio of the dromaf oronoo to tho diamotor of 

a oirolo. 

If Exp. 4 has been done well, the quotient — ^. 

^ diameter 

will have been found in each case to be 3-1416 or 8^. This 
quotient or ratio shows how many times the circumference 
is as great as the diameter, and is found to be the same 
for all circles. Since it comes into a great many calcula- 
tions, it is denoted by a special symbol, viz. the Greek 
letter v. 

If the radius of a circle is called r, then for this circle 

circumference 

27 "''' 

.% circumference =2 v r. 

It is called a eonstaritf since it expresses the fact that 
the ratio of the length of the circumference to that of 
the diameter of any circle is always the same, i. e. it is 
fixed or constant. 8-1416 is the numerical value of this 
constant. It is well to remember that a ratio can be 
expressed either (a) as a vulgar fraction (i. e. V-)) or (6) as 
a quotient (i. e. 3| or 8*1416), the latter {b) being obtained 
from the former by division. It is a matter of indifference 
which form of expression we use. 

mu p 1.1. • x- • circumference ^ , 

The former abbreviation, viz. — -tt =s V-j °M^y 

be translated thus: — 'The ratio of the length of the cir- 
cumference to that of the diameter of a circle is equal 
to the ratio of 22 to 7.' 

The latter abbreviation may be read : ' The circumference 
of a circle is 8*1416 times its diameter.' 

Speeial instminents for the accurate measurement 

of length. 

In the foregoing measurements with a scale, it has been 
possible to obtain a result quite accurate to 1 mm., but 
only approximately accurate to •I mm. Where the length 
to be measured is very short, e. g. the diameter of a wire or 



tube, it is neceasary to be able 
to euBore perfect accuracy to 
-1 mm. or -01 tnm. 

Tbis may be dose by attach- 
ing a vernier to the scale, or 
by means of a device called 
a screw gauge, which is de- 
Boribed later. 

Tlie vernier^. Theprineiple 
involved in this device will 
be best seen by referring to 
Figs. 1 A and 1 b. 

In both fignres iS represents 
the fixed scale, having a stop 
C at the zero end, and V is the 
vernier or movable scale. 

Suppose that S is graduated 
in centimetres, and it is re- 
quired to measure accurately 
to •! cm. An actual length 
of 9 cm. on jS is divided on V 
into ten equal parts (Fig. 1 a). 
10 diviuons on F=9 cm. 

.". 1 div. V = A oni. 



Hence the distance be- 
tween Fi and S^ (Fig. 1 a) is 
(1 — .gj cm.=;'l cm., between 
Fj and S^ - -2 cm., and be- 
tween F, and Sg = S cm. 

The object (X) to be mea- 
sured is placed as shown in 
Fig. 1 B. Obvioosly its length 
is greater than 3 cm., but 
less than 4 cm. 



' For the sake of oleameM s oeutl- 
mrtre ae»]o hM been taken, and the 
Tender attMhed ruds to -i em. 



o 
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Notice where a mark on the vernier is exactly opposite 
one on the scale. In Fig. 1b, F7 is opposite Si^. Working 
backwards from this point, it will be seen that the dis^ 
tanoe between V^ and S^ is •! cm., V^^S^ = '2 cm., 
V3— Se = «4 cm., F^— 4S3=-7 cm. 

Hence X measures 3-7 cm. 

The rule for using this vernier will be to find where 
divisions on the scale and vernier exactly coincide; the 
reading on the vernier at this point gives the decimal of 
1 cm. required. 

Xn case no two lines are exactly opposite, the nearest 
is taken, and the rest is estimated. 

Notice carefully that the length of X is always the 
distance from 8q to Vq* The vernier enables the distance 
between the last division on S, and Fq, to be found 
accurately. 

Verniers are attached to many measuring instruments, 
such as calipers, the barometer, &c. They are not always 
divided as above, but the principle is similar in all 
cases, and can easily be made out when the one described 
is understood. 



Szp. 5. To use sliding oalip«rs. 

Required: — Sliding calipers, halfpenny , sphere, 
glass tubes of different diameters. 

DiKECTIONS. 



Examine the instrument, and 

(a) the fixed scale and its graduations, 

(b) the vernier and its graduations, 

(0) the two pairs of jaws— one for inside and the 
other for outside measurementSi 
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(d) whether the zero of vernier is opposite zero of 
scale when the jaws are dosed* 

Measure the diameter of a halfpenny, the diameter of 
the sphere used in Prob. 3, p. 9, and the internal diameter 
of a glass tube. (Keep the tube for Exp. 9.) 

Labobatory Notes. 

Hake a careful drawing and explain how the instrument 
works. 

Beoord your measurements and compare them with those 
previously obtained. 



The Screw gauge. This instrument will measure accu- 
rately to •Ol mm., or, if very delicate, to 'OOl mm. It 



Gj 
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Fia. 2. 

depends on the movement of a screw which has a graduated 
circle connected with the screw-head. The distance between 
two consecutive portions of the thread ((72) in Fig. 2) is 
usually exactly 1 mm. When the screw-head makes exactly 
one revolution, the end B will move exactly through 1 mm. 
If the head only makes half a revolution, B moves through 
•5 mm. 

If the circle is graduated into 100 equal parts, when 
the head makes j^ of a revolution, B will move through 
x^TT inni., i.e. -Ol mm. Hence it is possible to measure 
accurately to this quantity. 
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Szp. 6. To use the sorsw gauge. 

Required : — Screw gauge^ wires of various thicknesses^ 
halfpenny^ 

DntEcnoNS. 



Examine the instrument carefully, and 

(a) the fixed scale and its graduations, 

(6) the distance the end of the screw travels for 
one revolution of the head, 

(c) the graduations of the movable scale, 

(d) the limit of accuracy. 

Measure the thickness of some standard wires, the thick- 
ness of a halfpenny, and of a piece of writing-paper. 

PMoantioiui. 

(a) Before using the instrument screw it up to zero, and 

find if the circle marks zero. If not, allowance must 
be made for the difference on all readings taken, 
or else the instrument must be adjusted. 

(b) Be careful not to screw it up too tightly when measur- 

ing ; the object should only lightly touch the jaws. 

Laboratory Notes. 

Make a careful drawing and give a description of the gauge. 
Record your results. 
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EXAMPLES I (a). 

Length. 

1. How many mixL are there in (a) 1 Km., {h) 1 Dm., 
(c)ldm.? 

2. How many (a) dm., (&) cm., (c) Em. are equal to 1 Dm. ? 

3. How many cm. are there in 1403*26 m.; 98*705 dm.; 
1*25 Km.? 

4. Express 149*3 mm. in (a) cm., {h) dm., (c) Km* 

5. Express as cm. (a) ^OOSG Ejh., (b) 50*9 mm., (c) 1*76 m. 
Add these together and give the result in cm. and Km. 

6. Add together 6*705 Km., 8*54 m., -03 cm., and express 
the result in dm. 

' 7. Convert *0012 Km. and 1555 mm. to cm. Find their 
difference, and express it in (a) cm., (h) Km. 

8. By how many cm. do 123*4 mm. fall short of 1234 m. ? 

9. A book is 1*5 cm. thick and contains 165 pages. What 
is the average thickness of 1 page in mm. ? (Work to four 
places of decimals.) 

10. A cyclist travels at 20 Km. per hour; how many cm. 
does he cover in 1 sec. ? 

11. Taking 1 metre as equal to 39*37 inches, find how many 
kilometres there are in (a) 1 mile, (h) 5 miles. 

12. A wheel has a radius of 48 cm. Find (a) its circum- 
ference in metres, (h) how many revolutions it will make in 
travelling 1 kilometre. 

13. A cyclometer attached to a bicycle wheel indicates that 
a distance of 18*5 kilometres has been covered. The wheel 
made 5880 revolutions. What is its diameter in cm. ? (Work 
to two places of decimals.) 

14. Given English and metric scales, explain how you would 
find accurately the metric equivalent of | in. 



2 
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The Measurement of Area. 

An area is measared by finding how many squares of 
a certain size it contains. It might be measured by finding 
how many oblongs, triangles, or circles it contains, bat this 
is never done. Since areas are always measured in squares 
and fractions of squares, the table denoting the relation 
between different units of area (p. 2) is often called the 
table of ' sqwire measfwre.* 

VraUminaxy Qnestiona on the Xeavarement of Areas ^ 

1. What measurements would you make in order to calcu- 
late the number of centimetre squares in a page of a book, and 
how could you show practically that your method was correct? 

2. Could you find the area of a lozenge or diamond shaped 
figure in the same way, or if not, how could you do it ? 

3. What would be the areas of the two triangles formed 
by drawing one diagonal of each of the figures of Questions 
land 2? 

4. Suppose you started with a triangle, by what construction 
and measurements could you find its area ? 

5* If a circle were described on millimetre squared paper, 
how could you find (approximately) the number of square mm. 
it contained ? 

6. The areas of two pieces of paper A and B are described 
thus : ^A is half a square inch ; B is half an inch square/ 
Are the areas equal or not? Draw a diagram to illustrate 
your answer. 

^ To be done In your Fair Notebook without any help, in the way 
indicated on p. 8. 
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Ezp. 7. To measuro the area of reetaagles. 

Reqtdred: — Set square and materials as in Exp. 1, 

Directions. 

A. At the intersection of two thick lines on squared paper 

trace a line 6 cm. long and another 8 cm. long at 

right angles to it. 
Complete the rectangle (oblong) in pencil. 
Count the number of centimetre squares in it. 

B. Trace out a square centimetre and count the number of 

millimetre squares it contains. 

C Trace a square having each side equal to '5 cm. 
Count the number of square millimetres in it. 
Express the area as a decimal of a square cm. 

jD. Trace a rectangle having a length of 1-4 cm. and 
a breadth of S cm. 
Express the area in sq. cm. and sq. mm. 

Laboratory Notes. 

Becord results of -4., 5, C7, D thus : — 

A. No. of sq. cm. in rectangle 5 cm. long by 3 cm. wide = 

B. 1 sq. cm. contains sq. mm., and so on. 

(i) How may the area of a rectangle drawn on plain paper 
be found without actually dividing it into squares ? 

(ii) Calculate the number of sq. mm« in (a) 5 sq. cm., (6) 
•5 sq. cm., (c) 5*5 sq. cm., (d) -05 sq. cm. 

(iii) If a rectangle is 5 cm. long and 3 mm. wide what is its 
area (a) in sq. cm., (&) in sq. mm. ? 

(iv) In Question (iii) how many oblongs, each 1 cm. long 
and 1 mm. wide, are there in the rectangle ? 

(v) In Question (iii) if the numerical value of one of the 
answers was shown up as 15, point out the mistake 
and state what this number represents* 

[Ovet 
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(vi) What ifl the area of each triangle formed by drawing 

a diagonal to the rectangle in A? 
(Tii) How many sq. mm. are there in (a) -S sq. cm., (5) a 

square having each side = *6 cm. ? 

Fboblems (L 7). 

1. Bepeat A^ but draw the shorter (3 cm.) line at an acute 
angle to the longer (5 cm.) one. Complete the parallelograni 
and find its area in sq. cm. Is it larger or smaller than the 
rectangle in il ? 

2. Draw a rectangle as in A^ and then from each end of the 
base draw parallel lines at an acute angle to meet the upper 
long line of the rectangle (produced in one case). Compare the 
areas of the two figures. 

3. Devise a construction for finding the area (a) of any 
parallelogram, {b) any triangle. 

4. Draw any irregular figure bounded by 7 or more unequal 
straight lines and show how to find its area. 



Bzp. 8. To measure the area of a drole. 

DntEcnoNS. 

A. Describe a circle of 20 mm. radius on squared paper. 
Count the numbers of millimetre squares (a) which 

are entirely within the circumference, (6) which are 

cut by it. 
Divide the lattet by 2, and add to the former. 
This gives the area in sq. mm., approximately. 

B. Trace out a square on a radius of the circle, and find its 

area in sq. mm. 
Divide the area of the cirde (as found in A) by the 

area of this square, recording the quotient. 
(7. Measure (or calculate) the length of the circumference 

in mm. 
Draw a rectangle on the squared paper, having one side 

equal to half the circumference, and the other equal 

to the radius in mm. 
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Count up the mm. squares, and compare the result with 

that of A. 
Divide the length of the long side by that of the short 

side, and record the quotient ; compare it with that 

obtained in B. 

Laboratory Notes. 

Record your results thus : — 
A. No. of whole mm. squares in circle = 
No. of parts of „ „ ,, -s- 2 = 



Total No, „ „ 



» 



B, No. of mm. squares in the square on 

the radius = 

Area of circle _ __ 

Area of square on radius ~~ 

C. Area of rectangle formed by radius of 

circle and ^ circumf. = sq. mm. 
(i) Do you recognize the quotient obtained in J?? 
(ii) Denoting the area of square on radius by f', express the 

area of a circle in terms of r and the quotient, 
(iii) Is the area found in C approximately equal to that of ^? 
(iv) Is the quotient of B approximately equal to that of C? 
(v) In order to calculate the area of a circle it is only 

necessary to make a measurement of a length. What 

is the length, and how do you proceed with the 

calculation ? 

Problems (I. 8). 

1. Compare the areas of circles having radii of 1 cm., 2 cm., 
and 3 cm. 

2. Describe a circle having an area approximately equal to 
50*2 sq. cm. Test your result by counting the cm. squares. 

3. Find the areas of a penny and halfpenny by the method 
you think will give the most accurate result. 

4. Calculate the area of the surface of a cylinder by finding 
(a) the area of the circular end, (h) the circumference of this 
circle, (c) the length of the cylinder. 



24 THE MEASUBEMENT OF 



Bzp. 9. To flad tha area of ckom ooction of a manow 
tnbo^ vaiiig a wadgo. 

Required : — Varums na/rrow glass tubes, and other 
materials of Exp. 1. 

Directions. 

A. Make a wedge as follows: — On a piece of squared paper 

draw a line AB 10 cm, long, number the cm. divisions 
from A. At B draw BC 2 cm. long at right angles 
to AB, Complete the triangle, and from each cm. 
division on the base draw a line parallel to BC 
to meet AO, Cut out the triangle very carefully — 
especially near the acute angle. 

B. To find the radius of the circle of cross-section of the 

tube used in Exp. 5. 

Fit this wedge into the tube, keeping AB dose to the 
glass, and being careful that the paper does not 
bend. 

Bead off the length of AB now in the tube, estimating 
to •Ol cm. 

This number expresses the radius of the circle in mm. 

Laboratory Notes. 

Calculate the radius of the circle of cross-section as 
follows : — 

Suppose the reading on AB is 1*85 cm. 

BO 
Now the perp. at 1st cm. div. on AB = --r := -2 cm. 

2 
So also ,» 2nd „ „ = BC x — = -4 cm. 
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.•. the perp. at 1«85 cm. div. on AB^2 x — — = •370 cm, 

•37 
.'. radius of circle = — cm. = -IBS cm. = 1«85 mm. 

Hence the original reading on AB in cm. gives the radius 
in mm. 

Calculate the area (using ir) in sq. mm. and also express it 
in sq. cm. 

Compare the measurement of the internal diameter of tube 
"with that in Exp. 5. 

EXAMPLES I (6). 

1. How many sq. cm. are there in (a) 1 sq. m., (&) 1 sq. Em., 
(c) 1 sq. dm. ? 

2. Express 1436*92 sq. m. as (a) sq. cm., (&) sq. Em., 
(c) sq. Hm. 

3. How many sq. cm. are there in a square of 3 metre side ? 

4. Add together •S sq. m., 62 sq. dm., 7*8 sq. cm., and ex- 
press the result in (a) sq. cm., {V) sq. m. 

5. A rectangle is 2*4 m. long and •IS m. wide. Find its 
areaii (a) sq. m., {h) sq. cm. 

6. find the area in sq. cm. of a sheet of paper measuring 
*805 n. long and •096 m. wide. 

7. A rectangular box lid has an area of 65 sq. dm. and a length 
of 10 4m. Find its width in dm. 

8. An oblong field contains •061 sq. Eon., and is '8 Em. long. 
Find its width in metres. 

9. By how many sq. m. do 125 sq. dm. fall short of 6*501 
sq. Dm? 

10. If 1 inch = 2*5 cm., find how many sq. cm. there are in 
1 sq. is. 

11. The radii of two circles measure 3 cm. and 1*5 cm. 
respectively. Find their areas in sq. cm. 

12. A circle has a diameter of 12 mm. Find the diameter 
of another circle having twice the area of the first. 

1 3. A circle has an area of 28*2744 sq. cnL Find the length 
of its diuneter in cm. 
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Measurement of Volume. 

The measurement of the volume — ^the space occupied by 
any object — consists in finding how many cubes of a 
certain size would fill this space. The method best adapted 
for a particular solid depends on whether it is regular 
or irregular in shape, and whether it is in one piece or 
in powder. 

The volumes of Uqmds and gaaes are usuaUy measured 
in graduated vessels, since they have lio defimte shape of 
their own. 

Prelimixiary QnestioiLB on Volume. 

How would you measure the volume in cubic centimetres 
of:— 

1. a brick, 

2. a cylinder, such as an uncut lead pencil, 

3. a quantity of powdered brick, 

4. an irregularly-shaped solid, such as a pebble, 

5. a given quantity of water, 

6. the air contained in a test-tube ? 

Szp. 10. To measure tlie ▼olume of some regular lolids. 

Required: — Rectangular block^y metal cylinder, right 

triangular prism, wooden blocks^ scale, diding 

calipers. 

Directions. 

A. Measure the length and breadth of a rectangular block 

in centimetres, estimating to -01 cm. 
Make three measurements of each dimension, aad find 

the mean of each. 
Calculate the number of cm. squares on the large face 

of the block. [This shows how many centimetre 

cubes, in one layer, would stand on the face.] 

^ The block and cylinder should be nuurked for future vte* 
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B. Measure the thickness three tiiaes,an<l take the mean. [This 
number shows how many layers of centimetre cubes are 
required to occupy the same space as the block.] 
Multiply the number of cm. cubes in 1 layer (x) by the 
number of layers (y), [This is the number of cm. cubes 
which would occupy the same volume as the block.] 

IiABORATORY NoTES. 

Record your results thus : — 

A. Length of block — Ist measurement = cm. 

2nd ,, = cm. 

3rd ,f = cm. 

cm. 



Mean length = cm. 

and so for breadth and thickness. 

No. of cm. cubes which would stand on large face= 
B. No. of layers = 

Total number of cm. cubes in block = x x p. 
Express the volume (a) in litres, (h) in cubic millimetres, 
(i) If the breadth and thickness had been found in A^ and 
the area of the end of the block calculated, how 
would you proceed to find the volume? 
(ii) If you were given the volume in c.c. and the thickness 
in cm.y how would you calculate the area of the 
large face? 
(iii) Oiven the volume in c.c. and the area of the large face 

in sq. cm.y how would you calculate the thickness? 
(iv) Oiven the length in dm., breadth in cm., and thickness 
in mm., how would you calculate the volume in ac. ? 

Problems (I. 10). 

1. Find the volume of a metal cylinder by measuring its 
length and the diameter of the circular end. 

Calculate the area of this circle (using n) and then the 
volume in cc, using the mean residts of your measurements. 

[This cylinder should be marked in some way ; it will be 
required for Exp. 12.] 

2. Devise and carry out a method of finding the volume of 
a right triangular prism, or of any other regular solid supplied. 
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Special Instruments for Measuring Volumes. 

The volumes of an irregular solid lump, very small 
regular solids, powders, and liquids are measured best by 
the use of one of the vessels mentioned below. As these 
will frequently be used in later work, it is important that 
the methods of using them accurately should be thoroughly 
learnt. 

• 

Szp. 11. To use a measuring jar. 

Bequired.: — 100 c.c. or 200 c.c. mecisuring jar^ card- 
board, black paper, gum. 

Directions. 

A. Examine a measuring jar, and note ; — 

(a) the unit of volume on which the graduations 
are based; 

(6) the volume indicated between two successive 
numbers on the scale ; 

(c) the volume between two consecutive lines on 
the scale; 

B. Half fill it with water, and carefully observe the suiface 

of the liquid. 

Vote whether the surface is — 
(a) straight or curved ; 
(6) one definite line or not 

Bead off the volume of water from the scale, having 
the eye — 
(c) above, (d) below, (e) on the water-level. 
Becord each reading. 

Hold the jar in your hand and read the volume again, 
keeping the eye level with the water. 

ITote the reading, and compare with (e). 
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C. Cut out a small rectangle of cardboard about 8 cm. x 
4 cm. Paste a rectangular piece of black paper (8 cm. x 
2 cm.) on to it, so as to cover half 
the card. Place it behind the 
measuring jar so that the lower 
edge of the black paper is about 
2 mm. below the level of the water. Fia. 8. 

STote whether this makes the surface of the liquid easier 
to see. 

Take another reading and compare it with («). 

Laboratory Notes. 

1. Diagram of measuring jar \ showing feahires noted in A. 

2. Diagram to show appearance of surface of water when 
seen against the card (e). 

(i) Which position of the eye in reading the graduations do 
you think is best, and why ? 

(ii) Why should the jar not be held in the hand while 
reading the level? 

(iii) If the jar holds exactly 100 c.c. of liquid, on emptying 
it into another vessel would 100 c.c. be transferred 
or not ? Give reasons. 

(iv) What single measurement of length is necessary in order 
to calculate the area of the cross-section of the jar? 

[Make the measurement, and find the required area.] 
^ In yonr Fair Notes a description should also be giyen. 
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Cono0fe 
Metitaeus 



Votes on the use of maMmring ▼essalfl. 

The observations of the surface of the water in Exp. 11 
will have shown that it is not flat, as you may have 
expected, but curved. Further, when you placed the 
card behind the jar you will have noticed two curves, 
one below the other. Such a curved surface is called a 
ueniflous (crescent). When the liquid wets the vessel, as 
water does, the meniscus is concave (Fig. 4} ; but with 

those which do not wet 
conoix, *^® vessel, e. g. mercury, 
MMtseug ^Q meniscus is convex 
(Fig. 5). 

With a concave menis- 
cus the position of the 
lowest point of the 
^®' *• ^®- ^' lowest curve against 

the scale must be taken as the reading. With a convex 
meniscus the top of the curve is taken, as is done when 
reading a barometer. 

Exp. 11 will also have shown that the position of the 
eye makes a considerable difference in the reading. The 

true reading is only obtained 

^•^ by having the line of sight 

^ . . - -? perpendicular to the plane of 

t**,! ^^^,---^ ^K the scale, as shown in Fig. 6. 

B 



-H 



Any error caused by the 
wrong position of the eye is 
called the error of parallax. 
It is liable to be made in 
reading any scale. 

Oradnations on measur- 
ing vessels. The scale etched 
on the glass of measuring vessels is arranged to show 
either (a) the volume of the liquid the vessel Aofcfo, or 
(b) the volume it will deliver on pouring out the liquid 
into another vessel. 



Fio. 6. 
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A measuring jar may be graduated in either way, or in 
both ways; for accurate work it is important to know 
which method has been used. 

The graduations themselves are liable to be slightly 
inaccurate, so that for very exact work they have to be 
carefully tested beforehand, and a table of corrections made, 
if necessary. 

Szp. 12. To And the Toliiiiia of a metal cylinder, ludng 
a meaeiirmg jar. 

Required : — Metal cylinder used in Exp. 10, measur- 
ing jar (200 c.c.)y narrow glass tube 80 cm. long. 

Directions. 

Fill the jar with water to a given mark, say 100 cc, 
as follows: — 

Place the jar on the bench, and pour in a little more 
water than is required. 

Extract the excess of water by means of the glass 
tube until the 100 e.c. mark is a tangent to the lowest 
curve of the meniscus. 

Slope the jar, and carefully slide the metal cylinder into 
the water. 

Bead the new level, using the card and avoiding errors 
of parallax. 

Laboratory Notes. 

Describe the method of filling the jar up to a given mark. 
Record of readings and deduction of the volume of the 
cylinder. Compare result with that in Exp. 10. 

(i) How many scale readings were made in finding the 
volume of the cylinder (a) in Exp. 10, (6) in Exp. 12 ? 
Assuming the scales to be equally accurate, which 
method is most likely to give the best result, 
and why? 

(ii) Knowing the volume and length of the metal cylinder, 
calculate the area of its circular end. 
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Problems (1. 12). 
Required : — Strip of lead, small piece of toood, sand. 

1. UBing the method of Exp. 12, find the yolume of a sirip 
of had. 

2. Devise a means of adapting this method for finding the 
yolume of apiece qftvood ; then carry it out, if approved. 

3. Find the volume of the sand supplied, being careful to 
get rid of air bubbles, before taking the second reading. 



Szp. 18. To lue a burette. 

Required : — Burette, clamp and stand, grease, india^ 
rubber band, small porcelain dish. 

Directions. 

A. Examine a burette, and note — 

(a) the unit of volume used as the basis for graduation, 

(b) from which end the graduations begin, 

(o) the volume indicated between two successive 
wwmbers on the scale, 

(d) the volume between two consecutive lines on the 

scale, 

(e) the tap and nozzle. 

Measure the distance in cm. between the divisions 
numbered 1 and 2. Calculate the area of cross- 
section of the burette in sq. cm. 

N.B. — A burette is graduated to ddiver the volume 
indicated by the scale. 

B. Find whether the tap works smoothly — if not, grease 

it slightly, but prevent the grease from getting into 
the boring. 
Fasten a rubber band on the tap handle, pass it under 
the nozzle and over the other end of the barrel of the 
tap. This prevents the tap from slipping horizontally. 
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Clamp the burette on a retort-stand, with the scale 
to the front, and the tap on the right-hand side. 

Adjust it to a vertical position by a plumb line, i.e. 
a piece of thread fastened to a small piece of lead. 

Place a small funnel at the top, and pour in water until 
the level is above the zero mark. 

Eun out a little water into a dish, so as to fill the tap- 
boring and nozzle. 

Adjxist the level to the 40 c.c. mark, using a black pap^ 
card, and avoiding errors of parallax. 

C. Allow the water to run out, drop by drop, until 80 
drops have escaped. 
Bead the level again correct to •! c.c, and estimate 

to .01. 
Find the volume of water thus run out, by subtracting 

the first reading &om the second. 
Calculate (a) the volume of 1 drop in c.c. ; 
(6) the number of drops in 1 c.c. 

Laboratory Notes. 

Diagram of burette and tap showing the features noted in ^. 
Enlarged diagram of appearance of meniscus as it is seen 
with the card behind it. 
Readings, &c. — 

Distance between divs. 1 and 2 * . = cm. 

Area of cross-section • . • = sq. cm. 

2nd reading, after escape of 30 drops = . c.c. 

1st y, before „ „ ^ == ^•^* 

VoL of 30 drops • . . = c.c. 

.•. vol. of one drop , = c.c. 

No. of drops in 1 c.c. = 

[In the Fair Notebook insert a full description of B and C] 

(i) Why is it always necessary to run a little liquid out 
of the burette before noting the first reading on the 
scale? 

D [Over 



34 THE HEASUBEHENT OF 

(ii) Why is it neoeasaiy to have the burette vertical ? 

(ill) Will a slightly wrong position of the eye make as great 
an error in reading a burette as in reading a measur- 
ing jar? Give reasons. 

(iv) Which of the two do you consider the more accurate — 
a burette or a measuring jar ? Oive reasons. 

Pboblems (L 13). 

acquired: — Shot^ measuring jar, small flask, 
standard fla^k, burette. 

1. Using a burette, find (a) the volume of 80 lead pellets, 
{Vj average volimie of 1 pellet. 

2. Test the accuracy of the graduations on the measuring 
jar (assuming those of the burette to be correct) by running in 
successive volumes of 20 c.c. of water from the burette to the 
jar. Bead the volume of water in the jar each time. 

3. Find the volume of a small flask up to a rubber band 
round the neck. 

Adjust the water-level in the burette to zero and run it 
into the flask, but not farther than the lowest mark on the 
scale. Befill the burette, and repeat until the flask is filled 
with water up to the mark. 

Such a vessel is called a Standard Flask. It is graduated 
to hold a certain volume. 

4. Test the accuracy of the standard flask provided, by 
means of a burette or measuring jar (graduated for delivery). 
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Sz. 14. To use a pipette. 

Required : — A pipette, two small dishes, a burette. 

Directions. 

A. Examine a pipette, noting its shape^ the scratch on 

the stem, and the capacity marked on the bulb. 
N.B. — ^The volume indicated on the bulb is what the 

pipette will deliver. 
It is used to transfer a known volume of liquid from 

one vessel to another. 

B. Suck up water from the dish into the pipette until its 

level is above the scratch on the stem. 
Put the finger quickly on the top without letting the 

water-level sink below the mark. 
Hold the pipette over the dish with the scratch level 

with the eye. 
Relax the pressure of the finger until the lower edge 

of the meniscus is just level with the scratch. 

(Practise this until it can be done easily.) 
!Now hold the end of the pipette over a dry dish and 

remove the finger, so as to allow the water to 

run out. 
Hold the pipette over the dish for three or four seconds 

longer, and touch the surface of the water with the 

end of the pipette, thus causing a little more water to 

run out, but do not blow out the residual water. 
The dish now contains 10 c.c. of water. 

Laboratory Notes. 

Diagram of pipette showing meniscus. 
(For Fair Notes a fiill description of B in your own words 
is to be given.) 

(i) Why is the temperature marked on pipettes, standard 

flasks, &c, as well as the volume ? 
(ii) Hake a list of the vessels you have used which (a) hold 

a given volume, (&) deliver a given volume. 

P 2 
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EXAMPLES I (o). 

Volume. 

1. How many cc are there in (a) a litre, (&) a cubie metre ? 

2. Express 1256 e.c as (a) litres, (6) cmm., {e) cm. 

3. Add together 3*67 litres, *05 cm., 257 c.c, giying the 
total in litres. 

4. What difference in cnun. is there between '012 litre 
and 11*5 c.c. ? 

5. A box measures 35 cm. long, 15 cm. wide, and 7 cm. 
deep. Find its volume in (a) cc, {b) litres. 

6. The area of the floor of a room is 35-6 sq. m.,'and the 
height of the room is 3*3 m. Find its volume in cubic metres. 

7. A box has a volume of 25 litres and the area of the lid is 
8-5 sq. dm. Find its depth in cm. 

8. Find the volume of a cylinder in c.c, its length being 
7*6 cm., and the diameter 2*5 cm. 

9. A measuring jar holds 200 cc. of water when filled to 
a point 30 cm. above its base. Find the area of the cross^ 
section in sq. cm. 

10. A tube holds •! cc. of water and is 1 cm. long. What 
is the area of its cross-section in sq. mm. ? 

11. If 1 in. = 25 mm., how many c.c are there in 1 cubic 
inch, and how many litres in 1 cubic foot ? 

12. What length of wire of 1 sq. mm. cross-section can be 
drawn from 1 litre of the metal ? Give the answer in metres. 



CHAPTER II 

CONSTItUCTION OF SIMPLE APPARATUS 

Laboratory gas-burners. 

Required : — {Eayp. 1 and 2) JBunsen and hat's-wing 
burners, asbestos fthre {or narrow strip of 
asbestos card), glass tube. 

Eacp. 1. Szaadnation of a Bqumii burner. 

Directions. 

A. Notice the holes for admission of air near the base of 

the tube. 
Unscrew the tube, and notice the holes for the issue 

of the coal-gas. 
Turn on the tap, and light the gas. 
Hote the shape and colour of the flame. 
Turn off the tap, replace the tube, closing the holes 

at the base, and relight. 
Vote the different shape of the flame. 
Also notice whether the flame is equally luminous all 

over or not, e. g. (a) just above the tube, (6) at the 

edges, (c) middle, (d) top. 
Hold a piece of glass tube in the flame. Vote the 

deposit. 
Open the holes at the base and hold the tube just used 

across the middle of the non-luminous or blue flame, 

and observe what happens to the black deposit. 
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B. Hold a thin piece of aBbestoB fibre (or a narrow strip 
of asbestos card) horizontally across the non-luminous 
flame, starting at the top of the tube. 

Vote where it gets hot first. 

Baise it to higher parts of the flame. 

Vote the results in each case. 

(7. Repeat the experiment with asbestos in the non- 
luminous flame. 

Laboratory Notes. 

Observations A^ £, and G. 

Diagram to show structure of (a) the burner, (5) the non- 
luminous flame. 

(1) Which flame is longest, the luminous or the non- 
luminous? 

(ii) Which are the hottest parts of the luminous flame? 

(iii) Which kind of flame is hottest ? 

(If in doubt, try which will melt a thin glass tube 
quickest.) 

(iv) Which flame would you use to heat a glass tube, 
and why? 



Bzp. 2. Szattination of a bat't-wing burner. 

Notice the holes from which the gas issues, then light 
the burner. 

Vote the colour and shape of the flame. 

Test for the hot and cool parts with asbestos. 

Draw a diagram showing the luminous and non-luminous 
parts of the flame. 

(i) In what way does the shape of the flame differ from 
that of a Bunsen burner ? 

(ii) In what ways is it less suitable for heating a flask of 
water than an ordinary Bunsen flame? 
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Simple glMMi working. 

Required for Exps. 3-10 : — Triangular and raUtail 
fleSy glass tubes of various widths, glass rod, 
bafs'toing luminous burner. 

'Exp, 3. To diTide naxrow gUura tubes. 

Lay the tube on the bench, make a scratch with a 
triangular file at the point at which it is desired to cut it. 

Hold the tube in both hands, placing the thumbs on the 
opposite side of the tube from the scratch. 

Press the thumbs against the tube, and pull the ends 
of the tube towards you. 



Szp. 4. To lireak oif a jagged end. 

Make a scratch as before, and place the tube so that the 
scratch rests on the edge of a file lying on the bench. 

Hold the tube firmly in position, and knock off the 
jagged end with a key or other heayy object. 

Draw a diagram to illustrate the operation. 



Szp. 5. To divide wide glass tubes. 

A. If the tube has thin walls, make a sharp scratch as 
before ; now take a piece of glass rod and heat the 
end in the Bunsen flame. When it is soft, flatten 
it by pressing fii-st one side and then the other on 
the foot of the burner. Heat the flattened end till 
red hot, press the edge along the scratch so as to 

[Over 
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start a crack which can be made to follow round 
the tube* 

Fractiae this until you can do it welL 

B. If the tube has thick waUa, make a scratch completely 
round it. 

If it cannot be broken by gentle pressure of the hands, 
use a hot glass rod as before. 



Szp. 6. To round the edges of a glass tuba. 

Before glass tubes are used for any purpose, the sharp 
edges must be rounded by being heated near the top 
of a Bunsen flame. 

A. Hold the tube in the flame with the end directed down- 

wards. Keep the tube revolving on its axis until 
the edges are red hot. 

Precaution : — ^Avoid heating the tube too long. Find 
out the reason for the precaution, by keeping another 
tube longer in the flame. 

Vote the difference in the width of the two tubes at 
their ends. 

B. Cut off two pieces of glass rod 12 cm. long, round the 

edges, and keep for subsequent use as ' stirring rods.' 
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Szp. 7. To seal a glass tnbe. 

, Hold a piece of fairly wide (1 cm.) tube in both hands 
across, and near the top of a Bunsen flame, 

Botate it constantly until it is quite soft. 

Take it out of the flame, and while still rotating it, pull 
gently at the two ends. 

Allow it to cool, and cut the tube at the narrow part. 

Close up the end by melting, heating it strongly. 

Take it out of the flame, and blow gently down the tube 
so as to press out the end to the same width as the rest. 



Ezp. 8. To draw out a murrow tube from a wide one. 

A. Hold the tube across the Bv^nsen flxi/me near the top. 
Keep it rotating until it is red hot, and quite soft. 
Then take it out of the flame and draw the ends apart 
carefully till the tube is of the required diameter. 

jS. Make ten narrow (1 mm.) and thin- walled tubes, 8 cm. 
long, from a piece of No. 3 tubing. 
Seal one end, and keep for future use in a dry test-tube. 
[Some of these tubes will be requii*ed for finding 
melting-points, later on.] 

N.B. — A tube of very narrow bore is called a ' capillary 
tube; from the Latin capiUa, a hair. 
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fixp. 9. To b«nd gUmm tabes. 

In order to bend a tube, bo that the bore may be of 
uniform thickness throughout, it must be evenly heated 
all round. 

DiBECTIONS, 

A. Hold a piece of narrow tubing horizontally with both 

hands in a Bunsen flame. 
Rotate it until soft 

Take it out of the flame and bend it at right angles. 
Vota whether the bore of the tube is altered at the bend. 

B. Repeat Ay bending the tube in the flame. 
Vote whether the result is better or worse. 

(7. Repeat A and B, using a Inmiiioiui baVs-winff burner 
with a flame about 5 cm. wide. 
Hold the tube horizontally along the flame, not across it. 
When it is quite cold wipe off the soot. 

D. Having found which flame is best, use it to make a 
right-angled bend, with one limb 8 cm. long, and the 
other 18 cm. Use a straight tube not less than 
30 cm. long. Make the side last in the flame become 
the concave part of the bend. Round the edges, and 
keep for future use. 

Laboratory Notes. 

Diagrams of the bends A^ B, C. 

(i) Which is the best flame for bending a glass tube ? 

(ii) Explain what causes it to be the best? 

(iii) Why is it so important to rotate the tube before bend- 
ing it ? 

(iv) Draw an enlarged diagram of each of the three bent 
tubes. 

(v) Is it best to bend the tube inside, or outside the flame ? 
Explain why. 

(vi) What is the effect on the bend of the glass getting too 
soft ? (If in doubt, try it.) 
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Szp. 10. To band a tuba at a giTOi aagla. 

A. Draw two lines AC and BC on paper, meeting at C 

at an angle of 35^ 
Rotate a tube (3 dm. long) in a luminous bafs-wing 

jUi/me till soft^ so that the heated part is about 1 dm. 

from one end. 
Take it out of the flame, and hold it so that the middle 

of the hot part is just over (7. 
Bend the tube until the two limbs coincide with CA 

and CB. 
Cut off the limbs down to 8 cm. and 18 cm. respectively. 
Fig. 7 represents the properly bent tube. 

B. Bend two tubes at an angle of 120**, so that the limbs of 

the first are 10 cm. long, and of the second 32 cm. 
and 2 cm. respectively. Use the same method as 
in A. 
The bent tube should appear as in Fig. 8. 

C. Bend a tube (40 cm. long) twice at right angles, 

having the ends of the tube pointing the same way. 
The lengths of limbs are shown in Fig. 9. 



8 cm. 




1Q cm. 




8 cm. 



10 cm. 



10 cm. 



r 



18 cm. 



Fio. 7. 



Fio. 8. 



Fio. 9. 



Preoantion i — Be careful that the limbs are in the same 
plane, so that the bent tube will lie flat on the bench. 
Repeat the experiments, if not successful at flrst. 
Round the edges, and keep these tubes for future use. 
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Szp. 11. To boM a oork. 

Required: — Corks of various sizes, set of cork- 
borers, rat-tailed JUe. 

The object of boring a cork is usually to enable a glass 
tube to be pushed through it, so that it fits perfectly tightly. 

You may take a cork and try to bore a hole with a borer 
in your own way. If unsuccessful, try again, carrying out 
the following directions : — 

(a) Take a glass tube which is to pass through the 
cork, and press the end on the narrower end 
of the cork, so as to form a circle on the cork. 

(6) Choose a borer slightly narrower than the glass 
, tube. (Try the borers by placing them on the 

circle impressed on the cork.) 

(c) See that the borer is sharp. (If not, gently file 
the edges until it is.) 

{d) Place a cross piece through the hole at the top 
of the borer so as to form a handle. 

{e) Hold the cork with its broader end in your left 
hand and bore the hole by turning the borer 
like a corkscrew, half a turn at a time. 

Moisten the glass tube (the edge being rounded) 
and carefully push it through the cork. 

Unless it fits tightly another cork must be bored. 

If it is too tight to pass thi*ough gently, file the 
cork evenly with a rat-tailed file. 

N.B. — In choosing corks fpr fiasks be careful to see that 
they will fit tightly. A cork which is rather too large 
may be made to fit by gently rolling it under the foot, 
or by squeezing it in a cork-presser. 
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Szp. 12, To fit up a flask with an «zit tube. 

Required : — 100 c.c. fiask^ cork, hover ^ narrow glass 
tube {No. 3 size). 

Directions. 

Choose a cork which fits the flask. Eore a hole of the 
right size for the narrow exit tube. 

Cut off a length of about 30 cm., round the edges, and 
push it through the cork till about 1 cm. protrudes. 

Fit the cork into the flask. 

Now test the apparatus to find whether it is air-tight, 
by blowing down the tube. If it is tight no air can be 
blown through; if not, either the cork does not fit the 
neck of the flask or the hole in the cork is too large. 
In the latter case, take another cork and try again. 

N.B. — ^It is most important to test apparatus in this 
way, and to learn to fit and bore corks so that they are 
air-tight. Much time will be wasted in future if you do 
not learn to do this properly. 

[Keep the apparatus for Exp. 1, Chap. III.] 

Exp. 13. To dry a wet flask quicUy. 

Required : — 100 c.c. fiask^ glass tube, foot-bellows. 

Directions. 

Wash out a flask with water and dry it on the outside ; 
pass a glass tube into the flask, so that a blast of air 
can be blown through it, either from the mouth or by 
attaching it to the rubber tubing from the foot-beUows. 

Hold the flask mouth downwards on the tube at some 
distance above a small Bunsen flame ; rotate the flask slowly, 
and blow a stream of air into it until it is quite di*y. 

Any moisture which remains in the neck of the flask 
may be removed by means of blotting-paper. 
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Kiat0 oa flttiiig up appaanitas. 

1. Before bending tubes be sure that you know the angle 
and the length of the limbe required. Alwajrs make the hitter 
a little longer than is neoeasary and cut them down. 

2. Bore corks a little narrower, if anything, than is required, 
and widen the hole with a round file if necessary. 

3. If a tube or thermometer has to be pushed through 
a cork, moisten it with water and push gently with a cork- 
screw motion. If too much pressure is applied it is liable to 
break and cut your hand 

4. See that the apparatus is air-tight and clean before begin- 
ning to use it. 

5. When the apparatus is to be fixed on a stand, see that 
the whole is neat and oonTeniant for use, and in a position 
where it is not likely to be knocked over. 

6. Never heat flasks over an open flame, but place wire 
gauze or some form of heat distributor underneath. 

7. Bemember that flasks, beakers, &c., are made of thin 
glass, and will easily break unless care is taken. 

8. A rubber-tube connexion may be tightened by turning 
back the ends of the rubber over itself. 
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Questions on Chap. IL 

1. Explain how you divide (a) narrow, and (&) wide glass 
tubes. 

2. How do you round the edges of a glass tube? What 
precautions are to be taken, and why ? What kind of flame is 
used ? What is the object of rounding the edges ? 

3. In sealing off a glass tube, why is it important not to 
pull the ends very far apart after heating? Describe the 
whole process of sealing. 

4. Make a diagram of a Bunsen burner, and describe it fully. 

5. Hake a sketch of a bat's-¥ring burner, and explain why 
such a burner with a luminous flame is used for bending 
tubes. Draw a bend made with (a) a bat's-wing burner, (&) a 
Bunsen burner. 

6. Why is it necessary to rotate a tube, when it is being 
heated previous to bending? Why is the tube bent outside 
the flame and not in it ? 

7. What is a capillary tube ? and how is it made ? 

8. Explain fully how you bore a hole through a cork so as 
to be able to pass through it a glass tube which shall fit 
tightly. 

9. Give an account of a way of drying a wet flask rapidly. 



CHAPTER III 

SIMPLE EFFECTS OF HEAT. THE THEBMOMETElt 

Prtlimlnary QnMitioiui on Hoat^. 

1. A piece of metal and a piece of wood are lying together in 
the same room. Which would feel coldest to the hand ? Is 
one really colder than the other? Give reasons for your 
answer. 

2. Why are two pieces of ivory often inserted between a 
teapot and its handle ? 

3. Explain how it is that a wire screen placed before a fire 
causes ihe heat to feel less intense to the hand. 

4. Does heat alter the size of bodies? Give examples drawn 
from your own expeiience of its efifect (if any) on a solid, 
a liquid, and a gas. 

5. Why do thick vessels crack more easily than thin ones, 
when they are suddenly heated ? 

6. When heat is applied to a large piece of melting ice, does 
the ice get hot ? Why does it take so long to melt ? 

7. Do you think that boiling water gets hotter, the longer it 
is heated? Give reasons for your answer, and state what 
becomes of the water. 

8. Do other liquids such as methylated spirit and turpentine 
become as hot when they boil as boiling water ? 

9. Do all solids require to be heated to the same degree 
before they melt ? Illustrate your answer by several examples. 

10. Name and describe the instrument commonly used for 
testing the hotness or coldness of things. 

^ AnBwer the qaestions in your Fair Notebook from your general 
knowledge as explained on p. 8. 
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Szp. 1. On the conducting power of solide for lieat. 

Required: — Rods of glass ^ copper and iron of equal 
length and thickness, vnre gauze. 

Directions- 

A. Hold the ends of a glass and of a copper rod — one 

in each hand— and place the other ends close together 

in a Bunsen flame. 
Hote which feels hottest after a short time. 
Cool the copper rod, and try the experiment again, 

nsing copper and iron. 
ITote which of the two seems to conduct heat best. 

B. Hold a flat piece of wire gauze with tongs, and lower 

it gradually over a Bunsen flame. 
Vote the effect when the gauze is about half-way 

between the original top of the flame and the top 

of the burner. 
Lower the gauze right down to the burner, and observe 

the result. 

G, Turn off the gas, and place the gauze about two inches 

above the burner. 
Turn on the gas, and bring a lighted taper down on to 

the top of the gauze« 
Vote the position of the flame. 
Withdraw the gauze sideways, and observe the result 

Laboratory Notes. 

Observations in A^ B, and (7. 

(i) Which of the three substances conducts heat best and 
which worst ? 

(ii) Explain the effect observed in B and C. 

(iii) Why is wire gauze placed under glass vessels before 
heating them? 

X 
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Bxp. 3. To find wlietbar the toIbow of mttt alten 
on lia&tiiiy. 

Reguired : — A^j^paratita as in Pig. 10. 

Directions. 
Use the floak fitted up at end of Exp. 12, Chap. 11, an 
shown in Fig. 10. 

Warm some vater in a water-bath or beaker large 
enough to hold the flask. 

Fill the flask to the brim 
-with cold water, and push in 
the cork carrying the tube. 

Mark the level of the water 
in the tube at X with a rob- 
ber band or a piece of gummed 
paper. 

Place the flask in the warm 
water, watching what happens 
atX 

Vot* whether the water- 
level rises or falls (a) at first, 
ci«. lu. {b) afterwards. 

The apparatus can be used for other liquids. 

Laboratory Notes. 

Digram and obaerrations. 
(i) Did the water rise or fall at first ? Explain the cause, 
(iij Does water expand on heating? 
{iii) Does glass expand on heating? Give reasons, 
(iv) Why ia it necessary to state the temperature (a) of water 
in defining the ' gram ' ; (&} of the metal bar in defin- 
ing the ' metre ' ? 
Advantage is taken of the expansibility of liquids in 
making thermometers, which are instruments for ascer- 
taining the temperature of bodies accurately. 
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Szp. 8. Szamination of a thermometer. 

Required : — A centigrade thermometer. 

Directions. 

Examine a centigrade thermometer, holding it at the top,, 



and 

(a) the bulb and its contents ; 

(b) the stem, its contents, and whether it is open or 

closed at the top ; 

(c) the scale. Note apedaUyi the lowest number; 

whether the numbers increase or decrease as you 
look up the scale ; where the zero point is ; 
whether the numbers increase or decrease above 
zero ; where the 100 mark ia ; the numbers above 
this. 

(d) how many marks there are between numbers 50 

and 60; 
{e) whether the numbers are above or below the marks 

they denote ; 
(/) whether the thread of liquid is continuous from 

the bulb upwards, or whether the thread is 

broken and a space intervenes ; 
{g) the temperature it registers at the moment ; 
{h) the effect of holding ^e bulb in your hand. 

Precantioiui. 

(a) Before using a thermometer find whether the thread 
of liquid is broken or not. If it is, shake the thermometer 
gently until the thread joins up. 

(b) Never put a thermometer into or above an open 
flame. 

Laboratory Notes. 

Diagram of the thermometer showing the features (a), {b\ 
(c), (d). 
Oive a reason for the second precaution. 
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Szp. 4. To iMn krar » thtrmMMtor is gnAwtaA. 

Required :—Omtigrade thermometer, flask with long 
neck, ice, cork, water-bath {or beaker) holding 
wa/rm water. 

DntBcnoNS. 

A. Choose a flask with a long neck, and carefully introduce 
some pounded ice, until half fulL 
Stir the ice gentty with the thermometer. 
Vote the lowest point to which the thread of mercury 

sinks. This is called the lower 
fixed point of the thermometer, 
or the melting-point of ice. 

Place the flask in warm 
water, as shown in Fig. 11. 
(There must be no flame under 
the water-bath.) 

Vote the temperature of 
the water. 

Stir the ice with the thermo- 
meter for a minute or two. 

Vote whethw the tempera- 
ture of the ice alters or not: 

Bepeat this until the ice 
has all melted, recording the 
temperature. 
Vote the temperature of the water in the bath again. 

B. Take a cork which fits the flask, and bore two holes 
through it, one just wide enough for the thermometer 
to pass through without undue force being used, the 
other to take a right-angled tube. 
Moisten the thermometer with water, and gently push 
the thermometer through the cork with a sci'ewing 
motion. (If the hole is too narrow widen it with 
a round file.) 
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Place the cork in position so that the bulb of the 
thermometer is covered with water. 

Wipe the flask, and heat gently on wire gauze. 

Continue heating until the water boils. 

Sote the highest point which the mercury reaches. 

Now raise the thermometer until the bulb is clear of 
the water, and surrounded only by steam. 

Vote whether the temperature is lower or higher than 
when the bulb was in tiie water. 

This latter point is the higher fixed point of the 
thermometer or the boiling-point of water. 

These 'fixed points' are always marked before the 
graduations are made. 

In a centigrade thermometer, the space between the 
fixed points is divided into 100 equal parts, each 
of which is called a degree. The graduations are 
then continued above the higher and below the 
lower fixed point, as far as the stem extends. 

Laboratory Notes. 

Observations A and B and diagram. 

(i) Did the temperature of the ice alter while melting? 
(ii) Was the ice receiving heat while melting? Give a 

reason, 
(iii) Did the warm Water cool while the ice melted ? 
(iv) Why is a long-necked flask required for J?? 
(v) After the water starts boiling does it still receive heat ? 

Give a reason, 
(vi) Does the temperature alter during boiling ? 

Problem (III. 4). 

Bepeat Exp. 4 {A and B) with a mixture of pounded ice and 
salt. 

Vote the temperatures as before and compare them with 
those recorded for pure ice. 

What effect has the salt on (a) the melting-point of ice, 
(&) the temperature of the boiling liquid, (c) the temperature of 
the steam ? 
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Otheb Methoi>s of oradtjating Thekmometebs. 

The centigrade thermometer, which is universally used 
in scientific work, is so named because the space between 
the two fixed points is divided into 100 equal grades or 
degrees. There are two other thermometer scales which 
differ only in the number of divisions between the fixed 
points, viz. Fahrenheit's and R&umur's. On Fahrenheit's 
scale the fixed points are marked 32"" F. and 212^ F. ; on 
R^umurs, 0^ R. and 80"* K; while on the centigrade 
thermometer they are 0"* C. and 100' C. (Fig. 12). 

Thus the space between the fixed points is divided 

into: 

100 parts on the centigrade scale. 

180 „ „ Fahrenheit „ 

80 ,ft ,, Bteumur 



C 



218 



88 



m n I 

Fio. 12. 



180 divisions F. = 100 divisions C. 
.-. 1 div. F. = tl* = I div. 0. 
Similarly 1 div. C. = i div. F. 

In converting Fahrenheit readings 
to centigrade, first subtract 32, and 
then multiply by f ; in converting 
centigrade to Fahrenheit, multiply by 
I, and afterwards add 32. 
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Latent Heat* 

In the last experiment it was found that the tem- 
perature of the ice remained at 0"* C. until it all (or 
very nearly all) melted, although heat was being received 
from the hot water the whole time% Similarly^ after the 
temperature of the water had risen to about lOO*" C, it 
remained stationary, although the flame was still heating 
the water. 

This shows that the thermometer does not measure the 
'quantity of heat' in a substance, but only its relative 
hotness or coldness, i. e. its temperature. Water at 0"" C. 
therefore contains more heat than an equal weight of ice 
at O"* C. This heat, which is ' hidden ' from the thermometer, 
is called the * latent heat' of water (Latin lateo^ to lie 
hidden). Similarly, when water is boiled the temperature 
remains at 100^ C, and there is 'latent heat' in steam. 

The fact that 1 gram of steam at lOO"" contains more 
heat than 1 gram of water at 100° could be shown by 
finding the weight of ice which each could melt. The 
steam would melt about six times as much as the water. 

The fact that ice takes in heat whilst melting follows 
from the observation that its temperature remains the 
same until the whole of it has melted, but it is not easy 
to show that the reverse is true in the case of the change 
from water to ice. In order to show that heat is given 
out when a liquid changes to the solid state, use will be 
made of a substance named sodium thiosulphate, usually 
called 'hypo.' 
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Zzp. 5. To uhffw that » liquid losM its latent heat o& 
•olidiiyiag. 

Required: — Finely powdered *hypo* small Jlask 
(2 oz.), thermometer, water-hath {or heaker). 

PiREOTIONS. 

Warm Bome water in the bath, or in a beaker standing 
on gauze. 

Half fill a small flask with * hypo,' and place it in the 
warm water. 

Place a thermometer in the flask, and stir the hypo 
gently, until it is melted. 

Hot« (a) whether the temperature rises continually or 

stops after a time ; 
{b) whether the temperature alters after all the 
solid has melted. 

After all has melted^ take out the flask and allow it to 
stand (with the thermometer inside) until the temperature 
is about 20"* C. 

Drop a small piece of ' hypo ' into the flask. 

Veto (c) the reading of the thermometer, and what 

happens to the contents of the flask. 

Laboratory Notes. 

Record of the temperature of the hypo (a) just before it all 
melted, {h) just before the solid fragment was dropped in^ 
(c) final temperature. 

(i) Compare the temperature changes on melting (a) ice, 

and {h) h3rpo. 
(ii) Does the temperature alter during melting in either 

case? 
(iii) How do you explain the alteration in temperature of 

the hypo when it is suddenly made to solidify? 

Problem (III. 5). 

Try a similar experiment with acetate of soda. 



THE THERMOMETER 



67 



Szp. 6. To find the melting-point of a eolid. 

Required: — Mdtvmg-point tubes, thermometer, rub' 
ber bands, beaker, stirrer, damp and stands, 
naphthalene, spermaceti. 

Directions. 

A. Use spermaceti ; then naphthalene* 

Break up the solid into powder, and introduce a small 
quantity into the melting-point tube by pressing 
the open end of the tube into the powder and tapping 
the closed end on the bench. 

Fasten the tube to the 



i 



• thermometer by a rub- 
ber band, so that the 
solid is opposite the 
bulb (Fig. 18), Clamp 
the thermometer with 
the bulb dipping into 
water as shown in 
Fig. 14. 

Place a small flame under 
the beaker, stir con- 
stantly, and watch for 
the first signs of melt- 
ing. Then remove the 
flame from beneath the 
beaker, and stir vigor- ^®- ^^' 



tr^ 
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ously; note the temperature at which the solid shows 
the first signs of melting, and observe whether com- 
plete melting takes place at this temperature. 
Do three experiments with each solid, and take the 
mean of the three results. 
B. Mix a little spermaceti with about ten times as much 
naphthalene, and find the melting-point of the 
mixture. 
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Laboratobt Notes. 

Diagram and short description of method. 

A record of the three results obtained for each substance. 

A comparison of the melting*points <rf pure naphthalene 
and spermaceti with that of the mixture. 

(i) What conclusion would you draw as to the purity 
of a substance whose melting-point is not sharp? 

(ii) What are the advantages of using a small quantity of 
the solid in a thin-walled narrow tube, and of having 
the solid close to the bulb of the thermometer? 

If a substance melts at a temperature above 100° C, 
some liquid other than water must be used to heat it. For 
this purpose melted paraffin wax or olive oil may be used. 

Problem (III. 6). 

Find the melting-point of 5tf|pJUir, using a bath of melted 
paraffin toax. 

Submit your method for approval before proceeding. 



THE THERMOMETEK 59 

Ezp. 7. To Had ths lioiliiig'poiixt of a liqnid. 

Required: — Wide test-tube, doubly bored cork, ther- 
mometer and exit tube, pure alcohol. 

DiRBCTIONB. 
A. Arrange the apparatus as in Fig. 15, being careful not 
to clamp the tube too tightly. 
Place a small quantity {3 cm. deep) of alcohol in the 

tube. 
Fix the bulb of the 
thermometerabout 
4 cm. above the 
surface of the 
liquid. 
TTse a Bmail flame 
and heat to boiling, 
and allow to boil 
for a few minutes. 

Vote the tempera- 
ture: 

(a) at which boil- 
ing begins, 

(b) a few minutes 



after. Fre. IB. 

B. Allow it to cool, and then add an equal volume of water 
to the liquid in the tube. 
Repeat the experiment. 
Vot* the temperature : 
(c) at which boiling be^ns, (d) two or three minutes 
after. 

Labobatoby Notes. 

Diagram of apparatus. 
Beoord of tomperatuiea (a), {b), {e), and {d). 
(i) Does the temperature alter during the boiling of {a) pure 
aloohol, (A) the mixture of alcohol and water ? 

[Over 
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(ii) How can you tell whether a given sample of alcohol 
is pure? 

(iii) How would you test whether (a) a given liquid, (ft) a 
given solid, is pure or not ? 

Problem (III. 7). 

Find the boiling-point of the acetone supplied. 
N. B. — ^Acetone is very inflammable, and must be heated by 
immersing the tube containing it in a beaker of hot water. 

Questions on Chaptbe IIL 

1. Answer the preliminary questions on heat, Nos. 1-9, 
p. 48. 

2. Explain the object of placing wire gauze under flasks 
before heating them. 

3. Give an account, with explanations^ of the effects pro> 
duced on boiling a liquid contained in a narrow test-tube. 

4. How are the fixed points on a thermometer determined, 
and what precautions must be taken to avoid errors ? 

6. Explain the difference between the centigrade and 
Fahrenheit scales? What will be the centigrade equivalent 
for 100° F., 0°F.,-32*F.? 

6. Calculate the Fahrenheit reading corresponding to 40° C, 
212°C., 32°C., -10°C.? 

7. What is meant by the term * latent heat*? Devise an ex- 
periment to show that a gram of steam at 100° G. contains 
more heat than the same weight of boiling water. 

8. How can you show that a liquid gives out heat when it 
solidifies? 

9. Describe a method for determining the temperature at 
which (a) a solid melts, {h) a liquid boils. 

10. Explain an easy way of testing whether {a) a given 
liquid, ip) a given solid, is a single substance or a mixture. 



CHAPTER IV 



THE CHEMICAL BALANCE 



JSacp. 1. SKamimiitoi of a box of woights. 
Mequired : — Bqp^ of vmghUy forceps. 

Directions. 

A. Look carefully at the weights in the box, and see how 

they are arranged and marked. 
Vote that there are two kinds : the heavier ones which 

are generally made of brass, and the lighter ones 

of a white metal, usually platinum, aluminium, or 

German silver. 
PTMaution : The weights must never be touched with 

the fingers, which would cause tarnishing ; always 

use the forceps. 

B. Write down the weights of each brass piece in your 

notebook. 
Add up the total 

Draw im oblong diagram, as in Fig. 16. 
Divide the oblong 

into as many 

divisions as there 

are white metal 

weights. 
In the upper row of 

spaces put down 

the values of the Fio. 16. 

weights in milligrams ; in the lower row give their 

corresponding values as decimals of a gram. 
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Add up both of them, and pot their totals at the end. 
What is the sum of all the weights in the box ? 

N.B. — The white metal weights are marked by some 
makers in milligrams, and by others in decimals of 
a gram, and sometimes in all the three subdivisions 
of a gram. See that you thoroughly understand the 
markings on the pieces in your particular box ^. 

Sxp. 2. To illustrate the prinelple of the balance. 

Required : — Triangvlar prism of wood, half-metre 
scale, box of weights. 

Directions. 

A. Put a triangular block of wood on the bench, and 

balance a half-metre rule with its scale uppermost, 

on the edge of the block. 
Vote the point of support (Fig. 17, F) on the rule, so 

as to replace it quickly if it slips. 
Place a 5 gram weight at each end of the rule and see 

whether they balance one another ; if not, move one 

slightly until they do so. 
Vote the distance in millimetres between the middle of 

each weight and the point of support of the rule. 

B. Find out where a 10 gram weight must be placed to 

balance 5 grams at the end of the rule, taking care 
not to alter the position of the rule on the block. 

0. Bepeat B, using 20 grams instead of 10 grams. 

W, F W. 

iL Triangular Priam f. 

Fio. 17. 

^ It is desirable for beginners always to use the same box of weights 
until they are familiar with it. It is therefore useftil to have the boxes 
numbered. 
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Find out for each of these cases whether the weight 
at one side multiplied by its distance from i^s=tbe 
weight on the other side rmultiplied by its distance 
from F. 

These experiments will have shown you that equal 
weights wiU balance one another only if they are 
placed at equal distances from the point of support of 
the rule. 

Laboratory Notes. 

Diagram, description, and numerical results. 

(i) If in Fig. 17 TP; is 3 grams, MF 20 cm., and TF, 
5 grams, calculate the distance NFwhen the weights 
balance. 

(ii) If T7i is 7 grams, NF 15 <mi., MF 20 cm., calculate the 
weight of TT, when the weights balance. 

Szp. 3. To examiiie an accurate balance. 

Required : — Balxincey paper, box of weights. 

Directions. 

A. Put a clean piece of paper on the bench. 

Take off the pans, and lay them on the right- and left- 
hand sides of the paper. 
Lift the wire pan-holders from the stirrups which 

support them, and put them by their pans. 
Take off the stirrups, and put them in their proper pans. 
Now take hold of the knob at the centre of the beam, 
lift the beam from its support and lay it on the 
middle of the paper. 
Examine, draw, and name each part of the balance. 
STote the position of the knife-edges, and the planes 
on which they work, also the material of which they 
are made. 
[In good balances these parts are usually of agate, a very 
hard stone, which does not rust like steel, but is easily chipped 
by careless use.] 

[Over 
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Move the lever which works in the base board back- 
wards and forwards, and note the effect. 
Beplaoe the parts in their proper positions. 



Main knife-edge 
and Mooket 



Knife edge 



Adjuatment 
screw 




Levelling 
Screw 



B. Adjustments (1) Notice the plumb-line hanging from 
one side of the pillar ; this is to show whether the 
pillar is vertical. 
If it is not vertical, turn the levelling screws until the 
point of the * plumb' is just over the point fixed 
on the pillar. 

(2) Turn the lever to the right, and set the beam 
swinging by gently fanning one pan with your hand. 

Vote whetiier the pointer moves over an equal number 
of divisions on the right and left of the middle mark 
on the scale. If it does not, turn the lever to the 
left, adjust the beam by screwing the nut at one end 
inwards or outwards as required, and try it again 
until correct. 
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: — When adjustvng the balemce^ and when 
adding or removing objects from the pans^ the beam, 
Tmtst always he at rest, i. e. the lever vnAiet he turned 
to the left. 

C. The use of the bbass knob on the beam. Carefully 

unserew and remove the brass knob. 
With the aid of the forceps place a one ^gram weight 

ineachpan. Set the beam swinging so as to be sure 

that the weights balance one another. 
Add -01 gram to the right-hand pan, and again set it 

swinging. 
Vote whether the pointer indicates any difference in 

weight ; if not, continu^e to add small weights until 

a difference is shown. 
Replace the knob, and remove the decimal weights. 
Now find the smallest additional weight which affects 

the swing of the pointer when the knob is in position. 
The knob therefore increases the eeTisvtiveneee of the 

balance. 

RxjLBS FOB WraaHma. 

(i) Adjfmtm&i/^^ 

(a) Adjust bhe levelling screws till the piUar is verticaL 

(&) See that the stirrups rest properly on the knife-edges at 
the ends of the beam, and that the main knife-edge is in the 
socket. 

(c) Set the beam swinging, and note whether the pointer 
swings over the same number of scale divisions on each side of 
the central line. 

If not, adjust by means of the nut on the end of the beam. 

[If the balance has a case, set the beam swinging and 
close the case to avoid disturbance by draughts.] 

(ii) The object to le tumbled. 

(a) See that it is clean, dry, and cold. 

(6) Take care that the beam is at rest when putting on 
or removing an object from the pans. 

p [Over 
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(c) Place it on the left-hand pan and the weights on 
the right. First try a weight which yon think is a little 
heavier than the ohjeet; remoTe it if too heavy, and try 
smaller ones in order. 

(iii) The weights. 

(a) Never touch them with the fingers ; always use the 
forceps. 

{h) Pick up small weights by the tumed-up edge. 

(c) Arrange the weights on the pan right side up, so that 
the figures are easily read. 

(d) Count up the weights^ on the pan, and check this result 
by noting the weights absent from the box. Write down 
the total at once. 

(e) Betum them to the box, beginning with the largest. 



Bzp. 4r. Viraotica in weighing. 

Directions. 

Weigh carefully the following objects, all of which will 
be required for later experiments:— 

A, The marked wooden block used in Exp. 10, p. 26. 

B, The marked metal cylinder, used in Prob. 1, p. 27. 

C, A small porcelain dish (50 c.c. capacity), previously 

marked on the rim with a file. (This dish should be 
carefully kept for future work.) 

Count up the weights properly arranged on the pan, 
and check each result by counting the vacancies in the 
box. 

The Bider. 

The principle illustrated in Exp. 2 is used in a device for 
finding differences of weight less than a centigram. 

The right-hand side of the beam of the balance, between the 
central and end knife-edges, is divided into ten equal parts 

^ Many mistakes are made by miscounting the weights. Besides being 
careful to arrange them tidily, it is useful to make a habit of always 
placing the declgi'ams in one row and the centigrams in another. 
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in the mAnner shown in Fig. 19. A piece of platinum or 
aluminium wire, weighing a centigram, is bent into the form 
shown at jR in Fig. 19 ; this is called a rider. 

If the centigram rider is suspended exactly over 
the end knife-edge it has the same effect as if it 
is placed in the pan on the same side, and it will 
balance an object weighing 1 eg. in the other pan. 
If however the rider is placed at any other point on 
the divided arm of the beam its effect is less than 
1 <3g. placed in the paiXi and depends on its distance 
from the central knife-edge. 

Thus if the rider is hung at the eighth division 
it will counterpoise -8 eg. in the left-hand pan, at 
the fifth division *5 eg., at the third *3 eg., and so on* 

It is therefore possible, by using a centigram rider 
and having the beam on one side divided into ten 
parts, to find differences of weight of *1 cg.^ i. e. 
1 mg. or '00 1 g. 

In very delicate balances the beam is often 
divided into 100 equal parts, and with such a balance 
and using a centigram rider it is possible to find 
differences of weight of *01 eg., i.e. •! mg. or -0001 g. 

The method of using the rider is as follows : — 

The object to be weighed is put in the left-hand 
pan and weights are put in the other until the 
addition of 1 eg. is found to be too much. The 
beam is brought to rest and the door of the balance 
is closed to exclude draughts. 

The rider is now put on the beam by means of the carrier, 
and the latter having been raised, the beam is set swinging. 
If the pointer shows that the object is not counterpoised by 
the weights and the rider, the latter is moved until a position 
is found at which the two sides of the balance are exactly 
coimterpoised* 

(i) How would it be possible to estimate the weight of an object to 
*01 eg., i.e. to .0001 g., using the centigram rider and the beam 
divided in tenths ? 

(ii) What are the advantages gained by the use of the rider ? 
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Examples. IY. 

1. How many eg. are there in (a) 1 g., (b) 1 dg., (c) 1 Eg. ? 

2. Express 4*03014 Kg. in (a) grams, (6) hectograms, 
(c) milligrams. 

8. Express 8009*1 og. as (a) mg., (&) Hg,, (c) Eg. 

4. Write as decimals of a gram (a) 25 mg., (&) 6*5 eg., 
(c) -000067 Kg. 

5. Add together 8-076 Kg., -508 Dg., -067 g., 16-01 eg.^ And 
express the total (a) in centigrams, {h) in kilograms. 

6. Find the sum of 2 Kg. + 2 Dg. + 3 g. + 5 dg. + 4 eg., 
in (a) grams, {b) kilograms. 

7. Find the sum of 20 mg. + 500 mg. + 10 eg. + 20 dg. 
Express as grams. 

8. Subtract 25 mg. from 25<689 g., and express in grams. 

9. What is the difference in grams between -01196 Eg. and 
65-08 dg. ? 

10. By how much does 67-8905 g. exceed 5-6081 Dg.? 
Answer in grams. 

1 1. How many ddoigram weights could be made from 1 Kg. 
of brass? 

12. If 20 sovereigns weigh 1-4175 Hg., what is tiie average 
weight of one sovereign in grams ? 

13. If 2*3 m. of wire weigh 9-5 decigrams, how many milli- 
grams will 5 cm. of wire weigh ? 

14. Taking 1 oz. (avoirdupois) = 28-35 g., find the number 
of (a) grams in 1 lb., {b) kilograms in 1 ton. 

15. If 1 sq. cm. of ^paper weighs 1*5 eg., what is the aveaxjf 
« similar piece of paper weighing 5 dg. ? 

16. 176-7 c.c. of a liquid weigh 205-6 g. What is the 
weight of 1 C.C. ? 

17. What volume in c.c. would 200 g. of a liquid occupy 
when 1 litre of it weighs 1*405 Kg. ? 



GHAPTER V 

THE MEA8UBEMENT OF DENSITT 

Preliminary Questions on Density ^ 

1. What do you understand by the expsessions, ^lead is 
heavier than water/ ^ cork is lighter than water*? 

2. How would you attempt to find out if a given (a) solid, 
{V) liquid, was heavier or lighter than water? 

3. State whether the following are heavier or lighter than 
water, giving the reasons for each statement : — (a) your own 
body, (5) ice, (c) an ironclad, (d) a fish. 

4. Quicksilver is said to be 13^ times as heavy as water. 
Suggest a way of finding out whether this is true or not. 

5. Supposing you had 1 c.c. of each of the following sub- 
stances, arrange them in the order of their weights, begin* 
ning ¥dth the heaviest: — (a) olive oil, (6) lead, (c) water, 
(d) pine wood, (e) iron, (/) glass. 

6. Supposing you had 1 kilogram of each of the substances 
mentioned in Question 5, arrange them according to their 
size, beginning with the smallest. 

7. State what difTerence there is (if any) in (a) weight, 
{b) volume, between a pound of lead and a pound of wood. 

8. Would you expect the weight of 1 c.c. of hot water to be 
greater, equal to, or less than that of 1 c.c. of cold water? 
Give reasons. 

9. Calculate the mass of 1 c.c. of the wood composing the 
marked rectangular block used in Exp. 10, p. 26, and in 
Exp. 4, p. 66. 

10. Calculate the mass of 1 c.c. of the metal composing the 
marked cylinder, the volume of which was found in Prob. 1, 
p. 27, and the mass in Exp. 4, p. 66. 

* To be done in the Fair Notebook as explained on p. 8. 
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than it is at 4!" C, and for this reason water is said to have 
its highest or maximum density at 4^ C. 

Exp. 2 will show that different liqoids have different 
densities, even when the temperature is the same. 

For example, at 0"* 0. the- following results have been 
obtained : — 



Liquid. 


Density. 


Quicksilver (mercury) 
Brine • • • • 
Olycerine • 
Turpentine . 


13*596 grams per c.c. 
1-20 „ 
1.260 „ 
.870 „ 



Definition. The density of a substanee at any tem- 
perature is the number of units of mass contained in one 
unit of volume, or briefly, Density is masa ^ of unit vclumt, 



Spadfio Chrayity. 

Since the density of a substance is the mass of unit 
volume of it. the density of mercury at 15- C. may be 
expressed on the metric system as 18*56 grams per cc, 
or 13,560 grams per litre; and on the English system as 
7*828 ounces per cubic inch, or •489 lb. per cub. in. Thus 
the actual number representing the density depends on : 

(a) the unit of mass chosen ; 

(b) the unit of volume chosen. 

Again, the density of water at 4** C. is 1 gram per cc 
in metric units, and -677 oz. per cttb. in. in English units. 

^ The 'mass' of a body is found by < weighing' it on a chemical 
balance. 'Mass' is often conftised with 'weight.' For an explanation 
of the diiferenoe refer to a book on Dynamics. 
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If we want to find how many times the density of 
mercury at IS"" C. is as great as that of water at 4t C, 
we divide the density of the former by that of the latter ; 
both densities being in terms of the same unita 

Thus on the metric system : 

Density of mercury at 1 5*" C. _ 18'56 g. per c.c. _ . -. -^ 
Density of water at 4t C. "" 1 g. per c.c. "" 

r^ xu T? T I. 4. 7-828 oz. per cub. in. .^^-j 

On the English system : =r —== , . = 18«56 

^* "^ .577 oz. per. cub. in. 

The quotient representing the ratio of the densities is the 
same on both systems, viz. 18*66. 

This number is called the Specific gravUy (sp. g.) of 
mercury at 15°C., and does not depend on the units of mass 
or volume used for finding the densities. 

Definition. The specific gravity of a substance at any 

temperature is the ratio of its density at that temperature 
to the density of water at 4'' C. The sp. g. of a substance 
is a pure number, not the mass of a certain volume like 
density. Thus the sp. g. of mercury at 15*" C. is 18*56, not 
18*56 g. per c.c. 

On the metric system it happens that the number 
expressing the mass of unit volume (i. e. density) is the 
same as that denoting the sp. g., because the mass of unit 
volume of water at 4"* C. is the unit of mass (1 gram). 
On the other hand, in the English units chosen, the mass 
of 1 cub. in. of water at 4*" C. is not 1 oz., but -577 oz., 
so that the number expressing the density as ounces per 
cub. in. differs from that denoting the sp. g. 

It is important to remember the difference between 
density and specific gravity, especially as it is a common 
mistake to confuse them. 
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BelatiTe Density. 

If we find the ratio of the density of mercury at IS^'C. to 
that of water at IS"* C, instead of to that of water at 4"" C, 
we get a number slightly different from the sp. g. of 
mercury at 15® C. 

-^ density of mercury at .15° C . _ 18-56 g. per c.c. 
density of water at 16° C. "" -999 g. per c.c. 

= 18.57 

This number is called the relative density of mercury, 
and it is often wrongly called its specific gravity. 

The difference between the two depends on the tempera- 
ture at which the density of water is taken. 

In determining the relative density of a substance the 
water may be at any convenient tempemture, but in finding 
a specific gravity it must be at 4° C. 

In stating a relative density the temperatures both of 
the substance and of the water should be given. 

This is sometimes done shortly thus : — 

For mercury i^S^^ = 18*57, 

which means that both the substance and water were at 
15° C, and that tiie relative density at 15° C. is 18*57. 
2^84 = 18*56 means that the 

density of mercury at 15° C . _ -1 o k^ 
density of water at 4° C. "" * 

i. e. 18*56 is the true specific gravity of mercury at 15° C. 

Since water has its maximum density at 4^ C, the exact 
specific gravity of a substance will always be slightly less 
than its density relative to water at any other temperature. 
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Szp. 2. To find the relative density of liquids, using^ 
a relative density bottle. 

JRequired: — Relative density bottle, balance, satu- 
rated solution of brine, methylated spirit, 
turpentine. 

Directions. 

Examine the bottle, noticing the marks engraved on it 
and the stopper. 

Secord the number of the bottle^ and then weigh it. 

Fill it with water so that both the bottle and the boring 
in the stopper are full. 

Vote the temperature of the room. 

Carefully wipe it and weigh again. 

Bepeat the experiment with the other liquids, rinsing out 
the bottle with the new liquid before filling it. 

Laboratory Notes. 

Draw a diagram of the bottle and stopper. 
Record weighings and deduce mass of each liquid. 
Knowing the mass of water held by the bottle, calculate the 
relative density of each liquid. 

Relative density at f G. 

_ mass of liquid at f G. 

" mass of an equal volume of water at f G. 

Supposing Exps. 1 and 2 were done in a warm room, 
which method do you think would be most accurate, and 
why? 

Problems (V. 2). 

1. Test the accuracy of the graduations of a burette by 
running out 10 c.c. of water into a weighed dish. Beweigh 
and add another 10 c.c. Beweigh and run in a third 10 cc. 

Vote (a) whether each 10 cc. weighs the same ; 

{h) whether the weight of 10 cc. is 9*99 grams. 

2. Test the accuracy of the delivering capacity of a 25 cc 
pipette. 
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Barp. 3. TofiadtliedMiidt7ofaiu»tattii6ajirt6nip«rAtiu^ 

Required : — Burette, balance, shot 

Directions. 

^. In a weighed dish put about 80 grams of shot. 
Beweigh to obtain the exact weight of the shot. 

JB. Set up a burette, and pour in distilled water. 

By opening the tap get the lower ourve of the meniscus 

level with the 30 cc. mark. 
Carefully drop the shot into the burette, and tap it 

gently to get rid of air bubbles. 
Vote the exact level of the water. 

(7. Wipe the weighed dish, and carefully run out the 
water from the burette till the level is again at 80 cc. 
Weigh the dish and water. 

Labobatoby Notes. 

OhservoHons — 
J.. Weight of dish + shot . . . . =r g. 

Weight of dish = g. 

.*. weight of shot taken . . . . = g. 



B. Level of water in burette without shot • = cc. 

„ „ „ containing shot = cc. 



.*. vdhtme of shot = cc 



(7. Weight of dish + water . . . . = g. 

Weight of dish. ,.•,.= g» 

.*• weight of waiter having same volume oa V _ 

the shot ;"" ^ 

Calculations— 

(a) From A and B find the number of grams of shot in 
1 cc, L e. the density of shot at the air temperature. 
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(&) From A and C find tiie relative dens% of shot, 
i. e. divide weight of shot by weight of equal 
Tolume of water. This giTea the number of times 
that 1 C.O. of shot is as heavy as 1 o.c, of water at 
a given temperature. 

Pboblems (V. 3). 

1. Using a burette, find the relative density at air tempera- 
tare of (a) lumps of marMe, {h) iron naUa, (c) gramUUed 
copper, 

2. Given a pece of lead of known relative density how 
would you try to find the relative density of cork? If the 
method is approved, carry it out. 

Sxp. 4. To oompara Um walght of ■ solid in air with 
its weight whan anspaiidad in liqmdfl. 

Jiequired: — Glass stopper, thread, balance mth 
bridge, beaker, measuring jar, methylated 
spirit, funnel. 

DiBBcrnoNS. 

A. Tie a |Hece of cotton to a marked glass stopper, and 
snspend it &om tbe left-hand 

hook of the balance, so as to 
hang about 8 cm, above the 
pan. 
Arrange a bridge over the pan, 
and an raiqtty beaker as in 
Fig. SO. 

Weigh tbe stopper in ur. 

B. TTung % funnel, nearly fill tbe 
beaker with water ; weigh the 
stopper now immereed in the 

water. Yie. so. 

[Over 
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Preeaution: Dislodge any air bubbles which ding to 
the stopper with a glass rod or small brush. 

(7. Set the beam at rest, and remove the beaker; sub- 
stitute methylated spirit for water, and replace the 
beaker on the bridge. 

Weigh the stopper in methylated spirit. 

D. Find the volume of the stopper by immersion in a 
measuring jar partly filled ^th water. 

Precantion : Be very careful to obtain accurate readings. 

N.B. — Keep the stopper for further experiments. 

Laboratory Notes. 

Diagram of balance arrangement. 
Observations — 

A, Weight of stopper in air « . . = g. 

JB. „ „ „ water . . = g, 

»\ loss of weight in water . . . = g. 

Weight of stopper in air . . . = g. 

C „ „ „ methylated spirit= g. 

.*. loss of weight in methylated spirit = g. 



2). Volume of stopper . . . . = c.c. 

Calculate the weights of volumes of water and spirit equal 
to the volume of the stopper. (See notes on Exp. 2, 
p. 76.) 

(i) In which liquid does the stopper weigh least ? 

(ii) Which liquid has the greatest density ? 

(iii) Compare (a) the weight of water equal in voltune to that 

of the stopper with (&) the loss of weight in water, 
(iv) Answer (iii), substituting * methylated spirit * for 
'water.' 
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(y) Try to draw a conclusion from (iii) and (iy) about the 
loss in weight of a solid when weighed in a liquid. 

(yi) Using results of A and D, calculate density of the glass 
composing the stopper. 

(yii) Calculate the density of glass, using results of A and B, 



The principla of Aroliimedas. 

The idea of finding the yolume of an irregular solid by 
obserying the yolume of water it displaces h due to 
Archimedes, who liyed in Syracuse about 220 b. c. 

The king had sent some gold to be made into a crown, 
but he suspected that the goldsmith had mixed some silyer 
with it, and asked Archimedes to find out if this was 
the case. 

The latter was puzzled for some time how to do it with- 
out damaging the crown. The idea occurred to him as 
he was getting into a bath which was brimful: as he 
got in the water oyerflowed, and he saw that the yolume 
of water would be the same as that of his own body. 
He saw that he could find the yolume of the crown, and 
knowing its weighty could obtain 'what is now called its 
relatiye density. He could do the same for a piece of pure 
gold. The presence of silyer in the crown would make 
its relatiye density less than that of gold, because the 
density of silyer is less than that of gold. 

Archimedes also found that a solid weighs less in water 
than in air, and further, that it weighs less in water by the 
weight of a yolume of water equal to that of the solid. 

In other words, 

Weight of a solid in water = weight in air — weight of 
an equal yolume of water. 

This important discoyery is known as the Principle of 
Archimedes, and is sometimes expressed thus : — ' When a 
solid is immereed in a liquid it experiences an upthrust 
equal to the weight of the liquid dispUjLced^ 
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TliiB gives a oonvenient way of finding the relative 
density of a solid, provided it does not dissolve in water. 
It may be remembered shortly thus : — 

Bdaiwe density of a solid « = -z — ^. , . . — 

^ *^ Lo98 of weight va water. 



Pboblems on the Principlb op Archimedes (V. 4), 

Required : — As in Exp. 4 and for (1) lump ofUady 
(2) thin vrire, (8) turpentine^ (4) turpentine and 
crystals of some substance soluble in water. 

1. Find the density of a piece of lead by weighing in air and 
then in water. 

2. Find the area of cross-section of a piece of thin wire. 
Take 4 metres, coil it up, and weigh it in air and water. The 
loss of weight in water gives the volume of the wire in cc 

3. Find the density of turpentine by weighing in it the 
stopper used in Exp. 4. The upthrust due to the liquid gives 
the weight of turpentine having the same volume as the 
stopper. Use results of Exp. 4 for the calculation. 

4. Find the density of a crystal (blue vitriol or alum) soluble 
in water. Use turpentine, and from the result of the last 
problem calculate the volume of the crystaL 
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Szp. 6. To find the relatiTe dtiudty of a Ugnidy tudng 
aU-tube. 

Required : — U-tuhe {limbs 80 cm. long^ diameter of 
tube 1 cm.), clampy tray, turpentine, water. 

DntBCTIONS. 

Clamp the U-tube vertically on a stand, and place the 
whole on a tray. 

Pour water down one 
limb until half full. 

Compare the levels of 
water in the two limbs. 

Now pour some turpen- 
tine down one limb until 
it is nearly full. 

Measure the vertical 
height from the tray to — 

(a) the free surface of 
the water {A, Fig. 21) ; — 

(6) the surface of con- 
tact £; 



B 



ri 



%£. 



B' 



Fig. 21. 



(c) the free surface of turpentine (7. 
By subtraction^ find CB and AB\ 



Laboratory Notes. 

Diagram and neat record of measurements. 

(i) When water alone was in the tube what were the 
relative heights of the free surfaces in each limb ? 

(ii) What is the length of the column of water which 

balances the column of turpentine? 
(iii) Is turpentine denser or less dense than water ? 

o [OvBr 
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(iv) Taking h and A' as the lengths of the oolunms of two 
liquids which balance one another, and d and <f as 
their respective densities, devise a formula to calculate 

the relation 3 * 
a 

(v) Work out the density of turpentine relative to that of 
water. 

Pboblems (V. 5). 

1. Find the relative density of mercury , using a U-tube. 

2. Devise a method for determining the relative density of 
aicohci with a U-tube, remembering that since alcohol and 
water mix, they should be separated by a small quantity of 
mercury. 



Szp. 6. VurUimr 0zp«rlmaiitf with the U-taba. 

Required: — As in Eocp. 5, funnel^ narrow straight 
rubber connectors, glass tube (-5 cm. dicmi,.). 

Directions. 

A. Set up the U-tube as in Exp. 5, and half fill with 

water; alter the clamp so as to hold the tube at 
a slope. 
Compare (a) the vertical heights of free surfaces of the 
water in each limb above the tray, and (b) the volumes 
of water in each limb. 

B. Clamp the tube vertically, and to one limb fasten (by 

rubber connectors) a funnel, and to the other a 

straight tube of narrower bore than the U-tube. 
Pour in more water till the funnel is half full. 
Compare the heights of the water column above the 

middle point of the bend, and state which column 

contains the greatest weight of water. 
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Laboratory Notes. 

Diagrams and obseryations for both A and B. 

Try to account for the facts observed as to the vertical 
heights of the free surfaces, in view of the fact that the 
weights of the water in the limbs were unequaL 

Pressnre Mrerted by solids and liquids. Exps. 5 
and 6 introduce the subject of fluid pressure. As sub- 
sequent work involves a knowledge of pressure, it is 
important to have a clear idea of the meaning of the term. 

It is a matter of common knowledge that a solid can be 
pressed by putting weights on the top of it The heavier 
the weights, the greater is the pressure exerted on the solid. 
The solid is said to be compressed (i. e. made to occupy 
less volume) by the process. 

Pressure is not, however, the same as * weight * or ' force/ 
but is the force acting an unit area. Thus a man stand- 
ing on both feet exerts a certain pressure on the ground 
immediately under them. If he stands on one foot, the 
pressure on the ground under that foot is double what 
it was before, because the same weight is actiug on half 
the former area. If a weight of 160 lb. is acting on a 

160 
surface 10 sq. in., the pressure is -^fT = 1^ ^b* P^^ s^* ^ 

Transmission of pressure. Pressure can be transmitted 
through an incompressible body to another. In solids the 
transmission takes place only in the direction in which 
the force acts. Thus, if a nail has to be driven vertically 
into a board, the best effect is produced by hitting it 
vertically downwards with a hammer. The pressure pro- 
duced by the blow of the hammer on the head is trans- 
mitted through the nail to the board. But if the nail 
be struck with a horizontal blow, it is not driven further 
into the wood. 

It is quite different with fluids (i.e. liquids and gases). 
If a jar full of water has a hole at the side, the water runs 
out until the level of the water is no longer above the 

o a 
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hole. This shows that the water is pressing horizontally 
against the sides as well as vertioally downwards. 

The experiments on the principle of Archimedes have 
shown that liquids are capable of exerting an upward 
pressure, which diminishes the apparent weight of a solid. 
It can be shown by other experiments that a fluid exerts 
an equal pressure in all directions at a given point 
within it. 

Suppose we have a column of six centimetre cubes, one 
on the top of the other, standing on a table. If each 
cube weighs 1 g., the pressure exerted by the column is 
6 g. per sq. cm. The pressure on the upper surface of the 
fourth from the top is 8 g. per sq. cm. In general ihe 
pressure at any point in the column is equal to the weight 
of the part of the column dbove the point divided by 
the area of the surface on which it is resting. If the 
density of each cube were 1*5 g. per cc, the pressure 
on the table would be 6 x 1*5=9 g. per sq. cm. Thus the 
pressure depends on the density of the material. Now 
suppose instead of cubes we have a column of water in 
a jar of I sq. cm. cross-section. If the height of the 
column is 6 cm., the pressure at the base is 6 g. per sq. cm. 
If mercury replaces the water, the pressure at the base 
would be 6x13*6 = 81-6 g. per sq. cm., since 1 cc. of 
mercury weighs 13*6 g. 

In general, the pressure exerted by a liquid at a point 
in the liquid depends (a) on the depth of the point below 
the surfiBkce, (6) on the density of the liquid. 

The difference between the case of the solid and liquid is 
that in the latter the pressure acts not only vertically 
downwards, but equally in all directions. 

By means of a U-tube a column of one liquid may be 
balanced against another, and their densities compared. 

When the tube is placed as in Fig. 21, if A and h^ be the 
lengths of the columns of the two liquids above their 
surface of contact, and d and d' their densities, and a 
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the area of cross-section, the pressures at the base of each 
column are — and . These are equal, hence hd^h'd\ 

Elxp. 6 showed that the width of the tube made no 
difference to the heights of the balancing columns. The 
extra weight of water in the funnel was supported by 
the sloping sides. Also when the tube is slanting the 
vertical heights of the surfaces are equal for the same 
liquid, although the weights of liquid in the two limbs 
may be unequal. In this case more support is given to the 
liquid in one limb by the sloping side than in the other. 
The pressure at the lowest point in the sloping tube is 
less than when vertical, and depends only on the vertical 
height of the free surface above this point, and on the 
density of the liquid. 

Hence, the pressure exerted by a liquid at any point in a 
column of it depends on — 

(a) the density of the liquid ; 
(6) the height of the free surface above this point. 
It does not depend on the width of the tube. 

Exercises on Chapter V. 

1. If 75 CO. of iron weigh 568-5 g., find the density of iron. 

2. Taking the density of copper as 9 g. per cc, find the 
volume of 1 Kg. of copper. 

3. A certain volume of alcohol weighed 96 g. and the weight 
of the same volume of water at the same temperatiure was 
120 g. Calculate the relative density of the alcohol at this 
temperature. 

4. A bottle weighing 20 g. weighs 45 g. when filled with 
water at 15°C. When filled with mercury at 15° C. it weighs 
360 g. Find the relative density of mercury at 15° C. 

5. A copper cylinder is 3*78 cm. long and has a diameter of 
1*56 cm* Its weight is 64*54 g. Calculate its density. 

6. Explain why it is easier to float in sea water than in 
fresh water. 

7. If air has weight like water, is the value for the weight 
of an object weighed in air the correct value ? Give a reason. 

[Over 
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8. What weight of olive oil of density •87 g. per cc. would 
have the same volume as 20 g. of glycerine of density 1*26 g. 
per cc? 

9. What would be the area of a sheet of gold leaf -001 mm. 
thick beaten from 1 g. of gold of density 19 g. per cc. ? 

10. Find the weight, when suspended in alcohol of density 
•8 g. per cc, of a piece of gold which weighs 10 g. in air. 

11. What is the pressure on the bottom of a cylinder of 
2 cm. radius when it contains a column of glycerine 20 cm. 
long? Density of glycerine 1*26 g. per cc 

12. Find the pressure per sq. cm. at a depth of 30 m. below the 
surface of the sea, the density of sea water being 1*026 g. per cc. 

13. Glycerine is poured into the U-tube shown in Fig. 21. 
Petroleum having a density of -82 g. per cc is poured into one 
limb until a column 16 cm. long is formed. The colunm of 
glycerine (AB^ in Fig.) which balances the column of petroleum 
is 10*6 cm. long. Find the density of glycerine. 

14. A piece of cork having a volume of 10 cc. is put into 
water in a measuring jar. The level of the water at first 
stood at the 50 cc mark and after the addition of the cork at 
52*4 cc Find the relative density of cork, if 1 cc of water 
at the temperature of the experiment weighs '99 g. 

15. A piece of rock crystal weighs in air 15g. and when 
suspended in water 9-407 g. Find the relative density of rock 
crystal, the density of water being -99 g. per cc. 

16. A crystal of Epsom salt is found to weigh 6*77 g. in air, 
and suspended in turpentine 4*595 g. If the density of tur- 
pentine is *87 g. per cc, find the density of Epsom salt. 

17. A block of ice having a volmne of 30 cc is put into 
water at O^C. If the densities of ice and water at O^C. are 
respectively *93 g. and -99 g. per cc, find what volume of ice 
is inmiersed in the water. 

18. A bottle weighing 20 g. weighs 45 g. when filled with 
water at 15^C. 5 g. of copper filings is then put into the 
bottle, which is again filled with water; it is now found to 
weigh 49*419 g. Find the relative density of copper. The 
density of water at 15° C. is •99 g. per cc 

19. Describe some method by which you would try to find 
the relative density of your body. 



CHAPTER VI 

SOLUTIONS 

Preliminary Qnastioiui on Solvtioa^. 

1. What happens to a lump of sugar when put in a glass of 
water and allowed to stand for some time ? 

2. What difference would there be in the effect if the water 
were (a) stirred, {b) heated ? 

3. If a glass, containing very little water, were filled up 
with sugar, would the same effect be observed ? 

4. Why does sea water taste like salt? 

5. Can salt be got from sea water ? If so, how ? 

6. If you were given some muddy water, how would you 
separate the water from the mud ? 

[When particles of mud or other solids are floating about 
in a liquid, they are said to be 'suspended' in the 
liquid.] 

7. What do you understand by the words 'solution,' 
'solvent,' and 'dissolve*? 

8. What difference is there between 'melting' and 'dis- 
solving'? 

9. Do you know of any cases where two liquids after 
being shaken together and then allowed to stand (a) do, {h) do 
not, separate into two layers? If so, state how you would 
attempt to separate the two liquids in each case. 

10. Do you think one liquid can dissolve another? Give 
reasons. 

11. Give reasons, based on any observations you have made 
when water is heated, for thinking that water dissolves air. 

^ Copy out and answer as many as possible of the questions in your 
Fair Notebook, from your own general knowledge, and without any 
help. 
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Bxp. 1. To Mpftvate (a) snspmided, (b) diMolTod, tM)lids 
firoai tho liquid oontaining them. 



jRequired:—4t test-tubes^ test-tube stand, salt, small 
beaker or water-bath ^ 2 watch-glasses or porce- 
lain basins, glass funnel, Jilter-paper, sand-bath. 

DlBBCTIONS. 

A. Put some powdered salt into a test-tabe labelled W, till 

it occupies about a third of the tube. 
Add distilled water till tube is two-thirds full, and 

shake for five minutes. 
While the solid particles of salt are still floating about 

in the water, pour off half the mixture into another 

tube labelled X, and allow it to stand. 
Take a circular piece of filter-paper, bend it exactly 

in two, and then in two again. Open it out into 

a cone, and place it in a glass funnel, so that it 

fits well. 
Moisten the paper with a little water to make it keep 

its place. 
Put the stem of the funnel in the mouth of another 

test-tube (F), and after shaking W, pour its contents 

on to the paper in the funnel. 
Vote what happens to (a) the solid, (b) the liquid. 
This process is called Filtration. 

B. Pour a few drops of the clear liquid in Y (called the 

jiUrate) into a watch-glass (or small porcelain basin). 
Place the latter on a sand-bath standing on a tripod, 
' ' and heat with a small flame ; remove the burner when 
the liquid has nearly all gone. 

^ EngUBh-made enamelled mogs, 3}' x 3^', with one ring of internal 
diameter, are naefdl for this purpose. 
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Vote (o) whether any solid remaiDS after the water has 
gone ; 
(d) whether any solid is lost by ' spirting/ 

This process is called Braporatioii, because the water 

goes off in the form of vapour. 
C Now examine the contents of 'X. 

Vote (e) whether the salt has settled, leaving a clear 

liquid above it. 
If so, take a glass rod, hold it over the mouth of another 

clean tube (Z) with the left hand, and without 

shaking X pour the clear liquid down the rod. 
Stop before any solid is poured out 
This process is called Deoantationy and the dear liquid 

is said to have been * decanted ' from the solid. 

D. Four a few drops of clear liquid from Z into a watch- 
glass (or basin), and place this 
on the top of a water-bath or 
a small beaker half filled with 
water. 

Put the bath or beaker on a tripod 
covered with gauze, and heat it. 

Leave the water to boil, so that the 
steam heats the watch-glass (or 
basin}^ causing the liquid to eva- ~ 
porate \ Continue till no liquid ^^' 

remains. 

Laboratory Notes. 

Observations on A^ B, C, and D. Diagram for 2). 

(i) Name two ways of separating a solid from the liquid in 
which it is suspended. 

(u) Which do you think is the best for getting aU the solid 
free from the liquid, and why? 

' This may take some time, but if necessary the basin may be oovered 
with paper and left for the next lesson. 

[Over 
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(iii) What forms of apparatus oan be used for eTajwrating 
a liquid ? 

(iy) Which is the quickest method ? 

(y) Which is the best if you want to obtain all the solid 
without loss by spirting? 

(yi) What is the solid obtained in J?? 

(yii) How was it that it came through the filter-paper? 

Problems (VI. 1). 
Required : — Salt, thermometer, nitre, ^hypo,' alum. 

1. Eyaporate some dear tap water in a watch-glass, and 
find if there is any solid residue by rubbing the dry glass 
with the finger. 

Repeat, using distilled water. 

2. Half fill a test-tube with distilled water, and add a ven^ 
small pinch of salt. Shake for fiye minutes, and note whether 
any solid is left If so, add more water and shake again. If 
not, explain what has become of it^ and do a further experi- 
ment to test the truth of your answer. 

3. Half fill a test-tube with distilled water, and take its 
temperature. Keep the tube in a stand, and ayoid heating 
it with your hand. Add a fair quantity of salt, stir gently 
with thermometer, and note temperature again. Try to explain 
the result. (If in doubt refer to Exp. 5, p. 56, for a clue.) 

Repeat with other soluble solids, such as *nUre,* *hy/po,* 
' (Hum.* 

4. Deyise a way of altering the process of eyaporation so 
that the liquid can be recoyered as well as the dissolyed solid. 
If approyed, proceed with your method ; if not, do Exp. 2. 
Use tap water. 

Solutionfl of Bolida in Xdquids. 

The filtrate used in Exp. 1 (B) was a solution of salt 
in water. We know there was salt in it, because solid 
salt remained in the yessel after eyaporation; yet the 
salt while in solution was not solid, for if it had been 
so we could haye seen it, and it could not haye passed 
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through the filter-paper. Hence when salt is dissolved 
in water it must be in the liquid state. Now we know 
that heat will transform most solids to the liquid state, 
but the melting-point of salt is very high, and as no heat 
was used in making the solution, the liquefaction cannot 
be due to heat. 

We have therefore to recognize two ways in which a 
solid can be liquefied : 

(a) by the action of heat alone, called melting or fusion ; 

(b) by the action of a liquid (with or without heat), 

called dissolving. 

The experiment (1 A) also showed that although some 
of the salt dissolved in the water, some of it did not, and 
no amount of shaking or standing will cause any more 
to dissolve. 

We thus see that a given quantity of water will only 
dissolve a certain amount of salt. Where a liquid has 
dissolved as much solid as it can, the solution so formed 
is called a saturated solution. 

Another conclusion to be drawn from the experiment 
is^ that filtration only removes floating or suspended solid 
matter from a liquid ; it does not remove that part of the 
solid which has dissolved. If we wish to obtain a solid 
from its solution we must evaporate the latter, when the 
liquid goes off as vapour, and the solid is left behind. 

Problem 1 (p. 90) shows that ordinary water from the 
tap is not pure water, but a solution of some solid or solids. 
Since it is necessary to have pure water for our experi- 
ments on solutions, and for most chemical experiments, 
it is important to know how to obtain it free from dissolved 
solids. The principle of the method is to modify the process 
of evaporation so as to collect and condense the steam. 
Such a process is called Distillation. 
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Szp. 9. To olitain pure wator from ordinary tap water. 

Required : — Retort fixed on stand, fiask resting on 
ring above a sink, gauze. 

DiBECTIONS. 

Set up the appai-atus shown in Fig. 23. 

Pour tap water into the retort until two-thirds full, and 
boil it. (If it boils violently, add two or three pieces of 
clay-pipe stem, and observe the effect.) 




Fro. 28. 

Turn the flame down if it begins to boil too violently 
again. 

Throw away the first portion of the liquid (distiUate) 
which collects in the flask. 

Remove the lamp when about four-fifths of the liquid 
has been distilled. 

Evaporate a portion of the distillate on a watch-glass. 

Vote whether there is any residue. 

(If there is, it must be redistilled with greater precautions 
against violent boiling.) 

Laboratoby Notes. 

Descriptiye diagram and record of observations. 

(i) Why was the first portion of the distillate thrown away ? 
(ii) Why was the liquid in the retort not boiled to dryness ? 
(iii) What is the chief objection to this form of apparatus? 
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Zsq». 3. To distil liquids wiifh improved apparatiui. 

Required: — Apparatits as shown in Fig. 24 and 
Fig. 15, p. 59. 

DiRBCTIONS. 

Fig. 24 shows the apparatus. The principle of the method 
is the same as in p. 59. 




Fio. 24. 

Distil some blue vitriol solution. 

Vote the reading of the thermometer when the bulb is in 

(a) the boiling solution ; 

(6) yapour above the solution. 
Test the boiling-point of the distillate, using apparatus 
of Exp. 7, p. 59. 

Labobatobt Notes. 

Diagram, descriptions, and observations. 

(i) What are the improvements in apparatus of Exp. 2 
over that in Exp. 1 as regards (a) condensing th^ 
steam, if) the prevention of ' spirting '? 

(ii) Why is it necessary for the cold water to enter at B 
(Fig. 24) and not at A^ in the condenser? 

(iii) Is the temperature of the boiling solution greater than, 
equal to, or less than that of the vapour produced? 

(iv) How do these temperatures compare with the boiling- 
point of the distillate ? 



The process of distilUtion is largely used in chemical 
experimeDts, and in die manufacture of anbstanoes. 

Fig. 25 shows an apparatus for distilling water on a 
larger scale, often used in a laboratory. 

The still (which corresponds to the retort of Exp. 2 
and the boiling flask of Exp. 8) is usually made of copper 
coated inside with tin, and is heated by a gas-burner 
placed underneath. The steam from the boiling water 
passes into a spiral tube (or worm) placed in a cylinder 



containing cold water. Here it condenses to water, and id 
collected in a vessel placed to receive it at E, 

The oold water sorronnding the worm gradually becomes 
hot, and mnst therefore be constantly replaced. This is 
done by allowing fresh cold water to enter at the bottom 
of the cylinder by the pipe AB ; the warmer water rises 
to the top, and some passes down the pipe C, which feeds 
the still with comparatively warm water. By this device 
the boiling in the still is not checked, as it would be if 
water from the feeding pipe were quite cold. 

The excess of water above a certain level can flow 
away throiq;h D. f is a safety overflow in case the water 
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entered through AB so quickly that the tube G could not 
carry it off fast enough. By these arrangements the water 
can be distilled continuously and without attention when 
once the cold-water supply at A has been turned on and 
the burner under the still lighted. 



Szp. 4. To show the influenoa of tMnpaomture on tbrn 

of a solid. 



Required : — Test-tuhes, powdered alum. 

Directions* 

Make a mturaJted solution of alum in a test-tube, using 
cold distilled water. 

Start with the tube half full of water, add small quantities 
of powdered alum, shaking well after each addition. 

Continue till no more will dissolve, a little undissolved 
solid remaining in the tube. 

Heat it gently, shaking it from time to time« 

Vote whether the residue dissolves now or not. 

If it dissolves add more alum, and continue to heat. 

Cool the hot solution under the tap. Vote what happens. 

Laboratoby Notes. 

Observations. 

(Full description for Fair Notes.) 

(i) Is a cold saturated solution of alum in water still 
saturated when warmed? 

(ii) Explain the effect noticed on cooling the hot saturated 
solution. 

(iii) Do you think the same effect would be noticed if the 
cold saturated solution had been heated without 
further addition of alum, and then cooled? Give 
reasons. (If in doubt, try it. ) 
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Bzp. 5. To tost the MiuUlity of Tuiow solids in oold 
And hot w»tor. 

Required: — 6 test-tvbes^ Z watch-gUisses, (b) nitre^ 
(b) boraxj (o) plaster of Paris, (d) Ztme, (e) chalk, 
(f ) white sand, (g) Uue vitriol, (h) Epsom salt, 
(i) sulphur, (j) iodine, (k) paraffin wax, Q) cam- 
phor, ipDi) powdered chanrcoal, {fi) powdered glass. 



Directions. 

[Each member of the ckss should try at least seren of these 
solids, starting with (a) or {J>), and then taking the attemaU 
ones if there is not time to do alL] 

A. Use a test-tube half full of distilled water, add an 

extremely small quantity of the solid, and shake* 
Vote whether it dissolves or not. 
If it does, add a little more and shake again. 
Vote roughly how much dissolves, so as to compare the 

solubility of the different substances you use. 

Pveoaution: It is very important to start with a 
m,inute portion of the solid, adding more afterwards 
if necessary. 

B. Warm the tube. 

Vote whether heating increases the solubility or not. 

If any substance seems insoluble, even after heating, 
filter it, and rapidly evax>orate some of the filtrate 
on a watch-glass over a sand-bath to find whether 
it is really quite insoluble or only very sparingly 
soluble. 
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Labobatobt Notes. 

Enter your observations in a scheme thus :— 



Name of 
substance. 


Cold water. 


Hot water. 


Other obseryationn. 




(State whether 
it seems very 
soluble, fairly 
soluble, or in- 
soluble.) 


(Enter as under 
cold water, and 
also state whe- 
ther the solu- 
bility seems to 
increase or not.) 


(Colour of solu- 
tion and any 
peculiarities 
noticed.) 



Szp. 6. To ajM^ertain the solvent power of other liquids. 

Required : — Clean sand, sulphur , paraffin wax^ 
ca/raphor^ iodine, powdered charcoal, chalk, 
powdered glass, alcohol, light petroleum, hen- 
zene, 6 test-tubes, water-hath. 

Directions. 

Repeat Exp. 6, using four of the above solids and the 
following liquids : — alcohol, light petroleum, benzene. 

First try with the liquid at the air temperature, and after- 
wards warm it by putting the tube in a bath of hot water. 

Precaution; NoTie of these liquids mv^ be heated by 
a jlame ; all lamps Tnust be turned out. 

Laboratory Notes. 

Scheme for observations, as in Exp. 5. 

(i) What substances appear insoluble in all the liquids you 

tried? 
(ii) Name those insoluble in water but soluble in some 

other liquid. Give names of liquids, 
(iii) Oive reasons for the precaution. 

Problem (VL 6). 

Test the solubility of sulphur in ccid carbon bisulphide. 
Filter and evaporate on a water-bath. (No flame to be used.) 

H 
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SolubOity. It will be understood from Exp. 5 that 
some solids are insoluble, some slightly soluble, and others 
very soluble in water; while Exp. 6 will have shown 
that some of the solids which are insoluble in water will 
dissolve in other liquids. Both experiments under the 
conditions in which they were carried out could only give 
a Totigh idea of the extent of the solubility of any one 
substance in a given liquid. In order to obtain an exact 
idea of the extent of the solubility of solids, some definite 
way of comparing solubilities must be decided upon, and 
a definite meaning given to the word ' solubility.' 

The following definition shows how this has been 
settled : — 

Definition. The soluWity of a solid in a liquid at 
a given temperature is the number of grams of solid which 
dissolve in 100 g. of the liquid to form a saturated solu- 
tion at that temperature. 

It is useful to remember that solutions in water are 
often called 'aqueous solutions,' and those in alcohol, 
' alcoholic solutions ' or ' tinctures,' e. g. tincture of iodine. 
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Ezp. 7. To And the solubility of a solid in water at 
dlfforont teiuporatiiroSa 

Required .'---Z flasks of 50 c.c. capacity, weighed dish, 
water-hath, nitre, tile, thermometer. 

A. At the temperature of the laboratory. Take about 80 c.c. 

of distilled water in a flask and make a cold saturated 

solution of the powdered solid, as in Exp, 5. 
Filter (or decant) from the undissolved solid. 
Voto the temperature of the filtrate. 
Clean your weighed dish, and pour into it a small 

quantity (about 10 c.c.) of the solution. 
Weigh again. 

Evaporate to dryness on a water-bath. 
Wipe the outside of the dish, allow it to cool on a tile, 

and weigh again when quite cold. 

Record the results as follows : — 

Temperature of solution = ^ C. 

X Weight of dish + solution •= g. 

Weight of dish • • 



SoMUm weighs . 

Weight of dish + dry solid 
Weight of dish • • 

Solid ^ft weighs • 






g- 
g- 



g. (D 



WeigU of water — X-Y = g. (Z) 



Galculate the weight of nitre dissolved by 100 g. of water* 

B. At some other temperature ^. Take a water-bath, large 
enough to hold the flask, and heat the bath a little 
above the given temperature. 

^ In this experiment it is advisable for pupils to work in pairs, each 
pair taking a different temperature at intervals of 6 or 10 degrees between 
16^ G. and 65^ G. The general results can be plotted on squared paper. 
(See p. 101.) 

H 2 
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Tom the flame low to keep the temperature Gonstant. 

Now make a saturated solution of the solid at this 
temperature. 

Proceed as in il, but keep the flask in the bath, and 
add solid gradually till no more dissolves. 

Preoautioii : Be quite sure that the liquid is saturated 
before proceeding. 

If the eoDceas of solid settles qvdckly^ take the tempera- 
ture of the solution exactly, and quickly transfer some 
of it (about 10 c.c.) into a small flask which has been 
weighed with a cork. Press the cork into the mouth, 
and set it aside until it is quite cold, and then weigh 
it again. 

If the solid does ru>t settle, fit a funnel with a filter- 
paper, warm and place the funnel in the mouth of 
the weighed fiask ; and having taken the temperature 
of the solution, pour some of it on to the filter-paper. 
When enough of the clear solution has run into the 
fiask, remove the funnel, cork the fiask, and when it 
is cold, weigh it. 

Pour the contents of the fiask into the weighed porcelain 
basin, and rinse out the fiask into the basin with 
distilled water at least twice, using a small quantity 
of water for each rinsing. 

Now set the basin on a steam-bath, leave it until the 
liquid has evaporated to dryness, and weigh it as 
soon as it is cold. Record results as follows : — 

Temperature of solution = ° C. 

j5. Weight of flask + solution • = 
Weight of flask • . . = 

Weight of solution . • = 

Weight of dish + solid . . = 
Weight of dish . . . = 

Solid left . 

.'. weight of water = Z — J 



g. 
g- 




g. 


(X) 


g- 
g- 




g- 


(r) 


g- 


iZ) 
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Calculate weight of solid dissolved by 100 grams of water 
at °C. 

Diagrams of apparatus used and notes on any difficulties 
met with. 

Problems (VI. 7). 

1. Determine the solubility of common sdU or Epsom salt at 
20° C, 40° C, and 60° C. 

2. Find the solubility of paraffin wqpa in light petroleum at 
the temperature of the laboratory, remembering that the wa^i; 
melts below 100° C. and petroleum boils at about 45° C. 



To plot a curve of 

The results of the last experiments show that an increase 
in temperature causes an increase in the solubility of a 
solid, as a rule. 

Both the solubility and temperature are expressed in 
numbers which could be written in two columns to show 
how solubility alters with temperature. 

This connexion between the two sets of numbers is seen 
much better by * plotting' a solubility curve on squared 
paper. 

On a piece of millimetre squared paper, take two axes at 
right angles, such as AB and BO (Fig. 26). 

Place a dot x on AB at a distance in millimetres from B 
equal to the solubility value ; on BG place a dot t/ at a 
distance from B representing the temperature at which 
this solubility was determined. 

(If the temperature values are as much as ten times the 
solubility values, it is better to measure off the solubility 
with a centimetre for the unit, keeping a millimetre as 
the unit for temperature.) 

Find a point where lines drawn at right angles to AB, 
BG from X and y intersect. Draw a small circle p at thiff 
points 

1 By is called the dbsdua, and py the ordinate^ of the point p. ^^ 
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Bepeat this operation for tiie oUier valnes. 

A namber of points have now been plotted, amongst 
wMoh a line can be drawn called the ounre of solnbilitj. 

Place the hand on the inside of the carved line of circles, 
and starting from the left-hand cirde, draw a curve which 
passes through as many of the dielea as possible. 

This curved line is tiie curve of solubility for the solid in 
the (^ven liquid. 

It will be seen tiiatrfhe line does not touch all the circles ; 
some are nearer, and others are further from it. 

This is because all the results are not accurate ; any 
result the position of which devi&tes widely from the 
curve is probably (though not certainly) wrong. 



Temperature 
Fia.9«. 
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EXAMPLES VI (a). 

1. 10 CO. of a solution of Bslt in water (at the air tempen^- 
tare) weighed 11*8 g. After evaporation 3*04 g. of salt re- 
mained. Calculate the solubility of salt in water at this 
temperatura 

2. Draw a solubility curve for nitre from the following 
data : — 



Temperature 
Solubility . 


0° 
18 


10° 
21 


20° 
81 


80° 
46 


40° 
64 


60» 
86 


66° 

100 



3. From the curve drawn in the last question find — 
(a) the solubility of nitre at 45° ; 

(5) the temperature at which 100 g. of water are satu- 
rated by 25 g. of nitre. 

4. Draw a solubility curve for Epsom salt from the following 
data: — 



Temperature 
Solubility . 



0° 
26-9 



10° 
81*5 



20° 
86-2 



80° 
40.9 



40° 
46-6 



60° 
60-8 



60° 
66 



70° 
69*6 



80° 
64-2 



90° 
68*9 



100° 
78-8 



5. If 173*8 g. of the solution saturated at 100^ C. are cooled 
to 15°G., what weight of Epsom salt would separate out? 

6. The following data give the solubility of lead chloride at 
various temperatures : — 



Temperature 
SolubiUty . 


0° 
.8 


10° 
*946 


20° 
1*18 


40« 
1.7 


66° 
2*1 


80° 
81 



Draw a curve and estimate from it the solubility at 19° 0. and 
at 30** 0. 

7. 100 g. of water is shaken at 40^0. for 15 minutes with 
40 g. of a mixture of salt and lead chloride. The whole of the 
lead chloride is dissolved and 2 g. of salt is left undissolved. 
What was the composition of the mixture used ? Solubility 
data for common salt : — 



Temperature 
SolubiUty . 


0° 
86-7 


io«» 

86.8 


20° 
86 


80° 
86.8 


40° 
86-6 


60° 
87 


60° 
878 


70° 
879 


80° 
88.4 


90° 
891 


100° 
89-8 
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Bzp. 8. To Mparato thm solnUe from the ^sdluUe p<»v 
tioa of m miztnro of solic^if aad to find tho poreontage 
woight of Moh pr — o a t. 

Required: — Mixture of potassium chromate and 
barium sulphate in known proportions^ beaker y 
weighed dish, gauze, funnel, tripod. 

Directions. 

Use a mixture of potassium chromate and barium 
sulphate. 

You are required to separate these so as to obtain the 
whole of the barium sulphate and the whole of the chro- 
mate, both quite dry, and to find the percentile weight 
of each in the mixture. 

Devise a method of doing it, being careful to state how 
you will get the barium sulphate free from traces of the 
yellow substance, 

When your method has been approved, carry it out. 

Labobatobt Notes. 

Description of method, diagram of apparatus, and record 
of observations. 

(i) What precautions were taken to remove the last traces 
of the yellow solution from the barium sulphate? 

(ii) Is it easier to get a pure specimen of (a) potassium 
chromate or (fi) barium sulphate from the mixture ? 
Give reasons. 

Problem (VL 8). 

Find the percentage of insoluble matter in the given mix* 
turesof: 

(1) Finely powdered didUxc and sUica ; 

(2) Sand and stigar. 
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Bzp. 9. To find whether one liquid can diMiolve another. 

Required : — Alcohol^ olive oily ether , 6 dry test-tubes. 

Directions. 

A. Take half a test-tube fall of water, add a few drops 
of alcohol^ and shake. 
Vote whether two separate layers are formed or not. 
Add more and more alcohol, shaking each time. 

£, Repeat A, taking a quarter of a tube full of alcohol, 

and adding a few drops of water. 
Shake as before, and gradually fill the tube with water. 
Vote whether the mixture separates into two layers 

or not. 
Keep this mixture. 

O. Repeat A and B, using water and olive oiL Keep the 
mixture for problem below. 

D. Repeat A and £, using water and ether. 

Precaution : The ether must on no account come near 
aflame. 

Laboratory Notes. 

Observations A^ B, C, and 2> arranged in a schedule. 

(i) Does water dissolve alcohol in all proportions ? 

(ii) Does alcohol dissolve water in all proportions? 
(iii) Does water dissolve olive oil? 
(iv) Does olive oil dissolve water? 

(v) Does water dissolve ether in all proportions ? 
(vi) Does ether dissolve water in all proportions ? 

Problems (VI. 9). 

1. How would you attempt to separate olive oil and water? 
Devise some form of apparatus, and perform the experiment, 
if approved. 

2. Knowing the boiling-points of acetone and alcohol to be 
respectively 55^ C. and 79° C, devise a way of getting (a) pure 
alcohol, (fi) pure acetone from a mixture of the two. 
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Szp. 10. To Mparato a Mlutioa of two liquids by 
finuHdoiMl ^^■t nifvlfii M i ■ 

Required: — Distillation apparatus^ with thermometer 
as used in Exp. 8, mixture of equal vohmies of 
acetone cmd alcohol, 6 la/rge dry test-tuhes: 

Directions. 

A. Half fill the flask with the mixture, and drop in two or 

three pieces of olay-pipe stem. Use a test-tube as 
receiver. Place the bulb of the flask in a water-bath 
and gradually heat the water until the mixture boils. 

Voto the temperature at which boiling starts. 

When the temperature has risen 6*", replace the receiver 
by another tube, and label the first with the range of 
temperature during which it was collected. 

Change the receiver every 5^ and label as before. 

B. Take the first fraction of the distillate in a smaller 

flask, and re-distiL 
Collect the distillate in fractions as before, but between 
narrower limits of temperature. 

0. Again take the flrst fraction and re-distil in a clean flask. 
Find whether you can get a distillate which is approxi- 
mately pure acetone. 

D. Take the last fraction from A^ re-distil, rejecting the 
distillate below 75^ 
Re-distil the last fraction once more ; find whether it is 
approximately pure alcohol* 

Laboratory Notes. 

Diagram of apparatua Scheme of various distillations, giving 
the approximate volumes of the distillate. 

Does the first fraction in A contain alcohol ? Give reasons. 
If 80y how do you account for its presence, since alcohol 

boils at 79^0.? 
Ifnotf how is it that the temperature rises ? 

* A fractionating flask of 100 co. eapaoity with exit tube sealed into 
the neck may be used with advantage instead of an ordinary flask. 
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. 11. To find whether ordinary water oontainji 
diMolTed aar. 



Required : — BOO c.c. Jlask or large tin can, trough, 
tubes, dc., CCS shown in figure. 

Directions. 

Take the flask or tin can, and fit it up as in Fi?. 27. 

Fill it to the 
brim with tap 
water. 

Fill the con- 
necting tube also 
by sucking up 
water into it. 

Close the end 
dipping into the 
water, and then 
the other end 
with your finger. 

Press the cork 

into the mouth of the can and see that the apparatus is 
quite full of water to the end of the delivery tube. 

Heat the water till it boils, collecting any gas that may 
escape from the delivery-tube in a test-tube standing in 
the trough. 

If any gas is obtained, devise a means of showing 
whether it is air or not. 




Fio. 27. 



Labobatobt Notes. 

Diagram ; account of any difficulties in fitting up apparatus ; 
observationEk 

(i) How is it that the gas enters the test-tube? Why 
does it not remain at the top of the boiled water, 
or in the tube? 

[Over 
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(ii) By what teals did you find whether the gas was air 

or Dot ? 
(iii) Does the solubility of a gas in a liquid increase or 

decrease as the temperature rises? 

Pboblem (VL 11). 

Devise a way for finding out the volume of air dissolved by 
a litre of tap water at the air temperature ; if approved, carry 
it out 

Questions Yl{h). 

1. Answer any of the preliminafy questions on sohUion (p. 87) 
which you were unable to answer or answered incorrectly 
before. [These should be written in your Fair Notebook after 
Exp. 11.] 

2. By what methods may (a) suspended solids, {h) dissolved 
solids, be obtained free from the liquid containing them? 
Compare the advantages of the methods both for (a) and {Vj. 

3. Describe and explain the use of (a) a sand-bath, (&) a 
water-bath, (c) an air oven. 

4. Explain fully what is meant by the term saturated solu- 
tionf and define the term soUMKty of a scUd. 

6. Give an account of the process of distiUation, describing 
the various forms of apparatus employed and the method of 
using each. 

6. Explain in detail how you would ascertain the solubility 
of a solid in water at 60° C. 

7. How can the percentage proportions of a soluble and 
insoluble solid in a mixture be determined accurately? 

8. What methods would you employ to separate two liquids 
(a) which do, {h) which do not, thoroughly mix? 

9. Explain clearly and concisely what is meant by (a) Decan- 
tation, {h) Evaporation, (c) Filtration, (cQ Distillation. 

10. How would you find out whether coal gas dissolves in 
water, and if so, the volume of it which will dissolve in one 
Utre? 



CHAPTER VII 

CRYSTALLIZATION 

CrjwMm. If you have ever looked carefully at the 
hoar-frost on a window-pane, or the rime on trees, you 
will have noticed that the frozen water is arranged in 
beautiful and definite shapes. These are crystals of ice. 
You may also have noticed that snow-flakes sometimes 
appear to be made of crystals, but not always ; and that 
hailstones and thick ice never appear as separate and 
distinct crystals. 

It follows from these common observations that the 
formation of good crystals depends on some other con- 
ditions besides the mere act of solidification. It is because 
these conditions are not fulfilled that ordinary ice and 
the majority of minerals occur in large masses or lumps, 
and only rarely in weU-formed crystals. 

Any solids which are capable of forming into these definite 
geometrical shapes or crystals are called ' crystaUoidSy but 
there are some, such as resin and gum, which never 
crystallize however favourable the conditions may be ; 
these are called coUoida (Latin coUa, gum), and are said 
to be amorphous^ which means * without definite shape/ 
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Bzp. 1. Szaminatioa And mMunuramont of oommon 
orystslfl. 

Required : — Specimens ofcalcitey fiuor-spo/r^ qwirtz^ 
rock salty iron pyrites^ selenite^ pestle and 
mortar, protractor and rvler, angle m£asurer 
(seejigure). 

Directions. 

A. Eiuimine the crystals of the minerals given you, 

Vote the shape (whether cubes, rhombs, prisms), colour, 
whether transparent, &;c., hardness (try whether a 
knife will scratch it). 

JB. Select three of different shapes, and draw them. 

(7. Take a crystal of calcite and break it as gently as 

possible with a pestle in a mortar. 
Vote whether it breaks into smaller crystals of the 

same shape or not. 
Try to cut one bit with a knife in different directions. 
Vote in which directions it cleaves easily, 

2). Pick out two good crystals of calcite, one large, and 
the other small. Measure the angles of each in 
degrees, by means of a protractor and angle measurer, 
as shown in Fig. 28. 




Fig. 28. 
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Labobatoby Notes. 

Becord' your observations thus : — 
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Kame 

of 
crystal. 


Locality. 


Name and 

sketch of 

shape. 


Colour. 


Transparency. 


Hardness. 


Other 

obserra- 

tions. 




Say where 
you have 
prmovuAy 
seen a 
specimen. 


Cube, 
rhomb, 
or prism, 




Say whether 
transparent 
or opaque. 


Say whe- 
ther it is 
scratched 
by steel 
or not. 





Caldte. 


Large crystaL 


Small crystal. 


1st acute angle =: 
2nd „ „ = 
1st obtuse ,, := 
2nd „ „ = 







(i) Are all crystals transparent ? Give examples. 

(ii) Are all crystals colourless ? 

(iii) If a large crystal of calcite had been cut into a sphere 

would you say (a) that it was still a definite crystal, 

or (5) that it had a crystalline structure? Give 

reasona 
(iv) How would you try to find out whether a rough lump 

of a substance was crystalline or not ? 
(y) How would you test a small chip of crystal to find 

whether it was quartz or a bit of transparent calcite ? 

VotM on the orystmls ttKaminad. 

CcicUe is very common in limestone districts, and is often 
called ' spar.' FltMr-spar occurs in yeins in limestone rock, 
especially in Derbyshire. QuarUf or rock crystal occurs in 
granite and in the reins of other rocks. Bock edit is found 
in crystals in the salt beds of Cheshire and Worcestershire. 
Iran pyrites is found crystallized on a large number of rocks. 
It occurs as a yellow film in coaL Sdenite occurs in beds of 
day, e. g. in Oxford clay. 
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Szp. 2, To flad out the boat oonditiong Hur tho torm>tion 
of ozystolfl* 

Required: — Small JlasJc, testrtuhey evofporating 
basin, lens, Epsom salt, porous tile* 

Directions. 

A. Take about 50 c.c. of distilled water in a small flask, 

and make a saturated solution of powdered Epsom 

salt at about 5** above the air temperature. 
Shake well, and finally allow the liquid to stand with 

excess of solid for ten minutes. 
Decant the clear solution into an evaporating dish. 
Cover with a piece of filter-paper, and leave it till next 

lesson in a warm place where it can evaporate slowly. 

B. Place about 30 c.c. of distilled water in an evaporating 

basin (labelled X), and make a saturated solution 

of Epsom salt at about 40"" G. 
Cover with filter-paper, and allow to cool slowly. 
When cold, decant the liquid into another dish (labelled 

F), and transfer the solid by means of a glass rod 

to a porous tile, or filter-paper, and allow to drain 

until dry. 
Select a good crystal, and make an enlarged drawing 

of it. 

C. Evaporate the remainder of the solution in T (called 

the mother liquor), on a sand-bath, to half its bulk. 
Cool as before, and obtain a second crop of crystals. 
Vote whether they are as large as the first crop ; 
„ „ „ of the same shape. 

D. Make a hot saturated solution in a test-tube. 

Shake vigorously, cool under the tap from time to time. 
Voto whether crystals form, and compare them with 
those in B and as regards size. 
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A (continued). Examine with a lens those obtained by the 
method of A, Compare them as regards shape and 
size with the others. 

N. B. — Put the dried crystals in a test-tube ; cork them 
up, label them, and keep for future experiments. 

Laboratory Notes. 

Sketch of crystal in B^ obserrations in A, B, C, D, and com- 
parison of crystals with regard to size. 

(i) Do the largest crystals form when (a) the solution is 
cooled quickly or slowly ; {h) the solution is agitated 
or still ? 

(ii) Why are no crystals formed from a cold unsaturated 
solution which is kept corked up ? Give reasons. 

(iii) Would crystals form from a cold saturated solution 
which is kept corked up ? Give reasons. 

(iv) What do you think would be the best way of growing 
a very large crystal ? 

Problem (VII. 2), 

Obtain and draw a good crystal of one or more of the 
following powdered substances : — Blue vitriol, white vitrid, aZtcm, 
nitre, Glauber's scdty common salt. 



Szp. 3. To grow a large crystal. 

Required : — Powdered alum or blue vitriol, 4 oz. 
flash, 2 hedkers, funnel. 

Directions. 

Make a saiurated solution of alum or blue Titriol at 
about 25"^ C. or 80^ C. Filter the solution into a clean 
beaker ; label it, cover with paper to exclude dust, allow 
to cool slowly, and when a few crystals have formed, pour 
the clear liquid into another clean beaker. 

I [Over 
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Drop into this the best crystal, and allow the whole to 
stand for some days. 

Tom the crystal over occasionally, so as to expose all 
sides to the solution* 

Take out any smaller ones which form. 



Laboratobt Notes. 

Description of the process at the different stages. 

(i) How did you ensure thi^t your solution was saturated ? 

(ii) Supposing it was saturated, are you sure to find crystals 
after a day or two? State any conditions which 
might prevent their formation. 

Problem (VII. 3). 

Grow a large crystal as in Exp. 3, but suspend a small piece 
of glass rod by a thread in the clear warm solution. Leaye 
a good crystal on this for the second beaker and grow the large 
one round it. Use Inchromate cf potassium, 

ConcUtioas of GryptalliBation. Exp. 2 will have shown 
that the best crystals form when a saturated solution 
is allowed to cool and evaporate very slowly without 
shaking. This is because the solid which gradually 
comes out of solution as evaporation proceeds will develop 
itself on a crystal already formed, so increasing its size, 
rather than form an independent crystal. Shaking and 
rapid evaporation or sudden cooling prevent this. 

If a hot saturated solution is kept quite still and cooled 
very slowly, it sometimes does not crystallize until it is 
shaken or a small crystal of the solid dropped in. Such 
a solution is said to be supersaturated: the solution of 
* hypo ' after cooling in Exp. 5, p. 56, is an example. 
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Szp. 4. To find tho effect of heat on certain, crystals. 

Required : — Hard glass tube 8" x f ' diam.y cork 
and exit tube, boiling tube, conical flashy retort- 
standi crystals of blue vitriol^ gauze^ watch- 
glasSy thermometer, balance, 6 test-tubes, abso- 
lute alcohol, turpentine. 





Directions. 

A. Take about 25 to 80 g. of the emaU crystals of blue 

vitriol. See that they are quite dry. (If wet, press 

them between layers of filter-paper.) 
Put them in a dry tube, and arrange as shown in 

Fig. 29. 
[If the tube is of thick glass, wrap it with one layer of 

wire gauze.] 
Heat the blue 

solid with a 

small flame, 

carefully 

moving it 

to and fro 

along the 

tube, but 

atnnd burn- 
ing the cork. 

Vote all that 
happens, 
and record 
it in the pro- 
per order. 

Keep the whole tube warm till all action seems to be over. 

Detach the tube, and examine the solid to see whether 
it is still crystalline. 

[Cork up this solid in a small tube, label, and keep it.] 

I 2 



n 



Q 




Fig. 29. 
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B. Try to ideifUify the liquid in the boiling t%iJ)e. 

Ist. Vote its colour and smell (if any) ; see whether it 
flows about readily (Le. whether it is mobile, 
like ether, water, or alcohol) or whether it is 
viscovs (like olive oil or treacle). 

2nd. Put a drop on a clean watch-glass, and carefully 
evaporate to dryness. 
Vote whether any residue is left or not. 

Srd. Find its boiling-point^ (see Exp. 7, p. 69). 

Vote whether it boils at a constant temperature 

or not. 
Keep as much liquid as possible for the next 
experiment. 
4th. Find its density, using the most suitable method 
for a small quantity (see p. 81). 
Do not use less than 5 c.c. 

(7. Take half the solid residue from A from the corked 
tube, and place a little in each of five dry test- 
tubes, and a little in a watch-glass. 

Add a few drops of water to No. 1 ; pure alcohol to 
No. 2 ; alcohol mixed with water to No. 3 ; turpentine 
to No. 4 ; some of the liquid. used in j5 to No. 5. 

Vote the effect in each case. 

Leave the watch-glass with the powder in your cup- 
board till next lesson, and then observe the result. 

Laboratory Notes. 

Diagram A and full account of observations A, B, and €• 
(i) What do you think the liquid is ? Give reasons, 
(ii) Is it a pure liquid or a mixture ? 
(iii) If you dissolved the solid residue from A in water and 

evaporated slowly, would you expect to get crystals 

again? 

^ In case the quantity of liquid is very small, two or three pupils 
should eombine for this and the following tests. 
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(iv) If 80, do you expect them to be the same as those you 
started with, or different ? [If in doubt, try it.] 

(y) For the detection of what liquid can the white residue 
be used ? 

Problem (VIL 4). 

Repeat Exp. 3, using either washing sodOf white mMcH, afum^ 
or Qlaubef^s s<dty but avoid heating them too strongly. Identify 
the liquid in each case. 

Szp. 5. The effect of heat on other crystals. 

Required: — Small ignition tubes, crystals of com-' 
mon salt, nitre, iodine, sal-ammoniac, lens. 

Directions. 

A. Use a few dry crystals of common salt or of nitre. 
Heat in a dry tube (holding it in a sloping direction) 

in a small Bunsen flame. 

Vote (a) whether the solid decrepitates (i. e. breaks up 
violently, causing particles to fly off) ; 

(b) whether the solid melts, and if so, what happens 

to the liquid ; 

(c) whether any liquid deposits in the cool part 

of the tube. 

B. Use crystals of iodine or sal-ammoniac. 

Vote whether it melts, gives off a liquid or vapour. 
Examine the deposit with a lens — breaking the tube if 
necessary. 

Labobatoby Notes. 

Observations A and B. 

(i) Do all crystals give up water on heating ? 

(ii) Arrange the crystals you have heated in Exps. 4 and 5 
in three classes according to the effect of heat upon 
them. 

[Over 
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Pboblbm (Vn. 5). 

Devise a meuis of separaiiiig a mixture of salt and sal- 
anunoniaOy without using a liquid. 
Oany out your method, when approved. 

Water of OrTstallintioii. From Exps. 4 and 5 you 
will have seen that some crystals yield water on heat- 
ing, while others do not. This water is called ^ water 
of crystallisation' ; many solids will not crystallize unless 
water is present, and if they do, the crystals are of a 
different shape. Some solids form crystals of more than one 
shape, depending on the amount of water of crystallization. 

Substances like common salt, nitre, and iodine, which 
contain no wiiter of crystallization, are said to be 'an- 
hydrous* — ^a word derived from Qreek, meaning 'without 
water.' 

▼olatOitj. On heating iodine or sal-ammoniac you will 
have observed that they do not melt (or melt only partially), 
but are turned almost at once into vapour, which con- 
denses again in crystals on the cool part of the tube. The 
conversion of a solid into a vapour directly by heat, with 
subsequent collection of the re-formed solid, is called sub- 
limation. The condensed vapour is called a svMvmate, 
and a solid capable of undergoing sublimation is said to be 
voUdile — a term also applicable to liquids of low boiling- 
points. Ordinary 'smelling salts' is an example of a 
volatile solid, and is called dal-vclatUe'^ camphor also 
vaporizes without previous melting. 
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Zxp. 6. To find the percentage weight of liquid formed 
by heating certain crystals. 

Required: — Pestle and mortar y crucible (size 00), 
pipe-clay triangle^ retort-stand, balance, blue 
vitriol or Epsom salt. 

Directions. 

A. Use crystals of Epsom salt ot blue vitriol. 
Found up a small quantity in a clean mortar. 
Half fill a weighed porcelain crucible with the powier. 
Weigh the crucible with powder and lid. Mow place it 

on a pipe-clay triangle resting on the ring of a r<itort- 

stand. 
Heat with a small flame at first, and then with a 

larger one. 
Hold the lid with tongs just over the crucible, and 

watch what happens. 
Continue heating for about 15 min. (The lid may be 

replaced so as not to cover the crucible entirely.) 
Allow to cool (with the lid on) and weigh when quite cold. 
S. Heat again for 5 min. as before, cool, and weigh again. 
Vote whether there is any further loss in weight. (If 

BO, continue till two consecutive weighings agree.) 

Laboratory Notes. 

Diagiram, observations, and scheme of weighings for A and B. 
Calculate what weight of water 100 g. of blue vitriol would 
lose on heating. 

(i) Why were the crystals first broken up in a mortar? 
(ii) In B why had you to re-heat until two consecutive 

weighings were the same? 
(iii) Are the contents of the crucible liable to increase in 
weight while cooling ? 

Problems (VII. 6). 

1. Find the percentage weight of water of crystallization in 
(a) soda crystals, (&) gypsvMn, or {c) white vitrioL 

2. Find the percentage weight of salt in a miasture ofsdU and 
sal^mimoniac. 
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Ssp. 7. To Mpumto a miztnro of two solulilo solids. 

Required : — 2 Jlasks (150 ex.), potodered blue vitriol 
and cdum, rough halancey test-tube, funnel. 

DiKEGTIONS. 

Mix about 5 g. of powdered blue vitriol with about 50 g. 
of powdered alum. 

Place in a small flask, and add about 75 cc. of distilled 
water. 

Heat the mixture until a solution is obtained. 

Cool rapidly under the tap, and shake the flask. 

Filter and collect the filtrate in another flask. 

When the filtrate has collected, pour a test-tube full of cold 
distilled water gradually on to the filter-paper and residue. 

Let this pass through before adding more. 

Repeat the washing as long as the residue remains blue. 

This method of separation is known as fractioTMl 
crystaUizaiion. 

Laboratory Notes. 

Observations. 

(i) What is the colour and name of the substance forming 
(a) the residue, (b) the filtrate ? 

(ii) What was the reason for washing the residue ? 

(iii) Would you expect to find any alum in the filtrate ? 

(iv) How do you explain the fact that pure alum has been 

obtained, seeing that both the solids are soluble in 

water? 

Problems (VII. 7). 

1. Devise a way of getting a pure specimen of the blue 
crystals. Cany it out, if approved. 

2. Try to separate a mixture of 30 g. of chlorate of potash 
with 10 g. of chromate of potash. 
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Ezp. 8. To find the effect of exposing certain crystals 
to the air. 

Required: — 8 watch-glasses^ good dry crystals of 
washing soda^ blue vitriol^ magnesium chloride, 
balance. 

Directions. 

A, Select a few good dry crystals of (a) washing soda, 

(6) blue vitriol, (c) magnesium chloride. 
Label three watch-glasses, and place one kind of crystal 

on each. 
Weigh each with its crystal, and write the weight on 

the label. 
Put them aside till the next lesson, screening them 

from dust 

B. Note any change in appearance of the crystals. Be- 

weigh each. 
Vote any change in weight. 

Laboratory Notes. 

Weighings in A, 

Observations and weighings in B* 

(i) Knowing that washing soda gives up water on heating, 
what do you think happened on leaving it in air ? 

(ii) What do you think has happened to the magnesium 
chloride? 

(iii) How could you test the truth of your answer to (ii) ? 
Try it, if approved. 

Problem (VII. 8). 

Find the effect of exposing limips of calcium chbridey caustic 
sodOf sodium sulphatCj and alum to the air for three or four days. 
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Sfloresotnoe aad Deliqiieacanoe. 

When a solid gives off its water of crystallization on 
exposure to the air at the ordinary temperature, it is said 
to *effloreBce* Exp. 8 will have shown that washing soda 
crystals are efflorescent. 

On the other hand, some solids (whether crystalline or 
not) absorb moisture from the air, and then dissolve in the 
water they have attracted. These are said to * deliquesce ' in 
air or to be deliquescent solids. Both classes of substances 
should always be kept in closely stoppered bottles. 

Advantage is taken of the action of deliquescent bodies 

in moist air in order to 
provide a dry atmosphere 
in which a body liable to 
absorb moisture can be 
kept dry. An arrange- 
ment of this kind, shown 
in Fig. 30, is called a 
desiccator (to 'desiccate' 
means to Mry'). 

A layer of some very 
deliquescent substance, such as calcium chloride (called 
a desiccating agent), is placed in the bottom of the 
circular glass vessel. Above this is a perforated zinc 
shelf on which the object to be kept dry is placed 
(Fig. 80). 

The whole is closed with a glass lid with a ground rim, 
which, when greased, fits tightly over the desiccator. 
Substances like those used in Exp. 6 should be cooled 
in it. All the moisture in the air inside the vessel is 
absorbed by the desiccating agent, so that the substance 
cannot absorb any, and is thus prevented from increasing 
in weight. 




fiG. 80. 
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Szp. 9. To form crsrstals by cooling a meltod solid. 

Required: — Crucible (size 00) or other vessel used 
for melting sulphur, flowers of sulphur, tripod, 
pipe-clay triangle, beaker. 

Directions. 

Place the crucible securely on a pipe-clay triangle I'esting 
on a tripod^ and half fill with flowers of sulphur. Heat 
gently until melted, adding more solid until the vessel 
is about two-thirds full of liquid. 

Vote the changes in colour and mobility. 

Precatition: Avoid setting fire to the liquid. (If it 
lights, remove the lamp, and extinguish the flame by 
covering the crucible with a Hd.) 

Heat for two or three minutes after complete liquefaction, 
and then allow to cool. 

Watch the process of solidification, and when a solid 
crust has formed on the top, make a hole in it with a 
glass rod. 

Quickly pour out the remaining liquid into some water 
in a beaker. 

Allow the crucible to become quite cool, and remove any 
crust on the top. 

Vote the appearance of the solids in the crucible and 
beaker. 

Laboratory Notes. 

Diagram of apparatus ; description and observations, 
(i) Why was some of the liquid poured out of the crucible ? 
(ii) What is the shape and colour of the crystals ? 
(iii) Compare the shape of the crystals with those obtained 
in the Problem on p. 97. [If you have not done this 
do it now. No flame must be near.] 
(iv) What are the two chief ways of obtaining crystals ? 
(v) Did the liquid sulphur which was poured into cold 

water crystallize ? Account for the result, 
(vi) State your reasons for thinking that sulphur crystals 
do, or do not, contain water of crystallization. 
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Questions on Chafteb VIL 

1. Explain as clearly as possible what you understand by 
the term 'crpstdL* Mention three crystalline substances and 
give a sketch of the shape of the crystals. 

2. Giire an account of the best conditions for crystallizing 
a solid from its solution so as to obtain a well-formed crystaL 

3. Natural crystals are generally found in the cavities of 
rocks, not in the solid mass. Account for thia 

4. What is a saturated solution? What thermal effect is 
noticeable when crystallization takes place from such a 
solution ? 

5. Would you expect the thermal effect of Question 4 (a) to 
occur, (b) to be easy to observe, when crystallization takes 
place slowly ? Give reasons. 

6. By what means would you ascertain whether a given 
liquid (a) contains water, {b) is pure water? 

7. What is the meaning of the terms, ' water of crystalliza- 
tion,' 'decrepitation/ 'sublimation,' 'volatility'? 

8. Describe a method of determining the percentage of water 
of crystallization in a solid, mentioning all the precautions 
necessary to ensure an accurate result. 

9. 1*68 g. of a crystalline solid weighed 1*07 g. after heating. 
Calculate the percentage weight of water of crystallization. 

10. The solubilities of salt and nitre at 0°C. are 12 and 36 
respectively, and at 100° C, 247 and 38. How would you 
obtain a pure specimen of nitre firom a mixture of equal 
weights of the two substances? 

U. How can you find the proportions by weight in which 
a volatile and a non-volatile solid have been mixed? Give 
details. 

12. Define the terms 'deliquescence' and 'efflorescence^' and 
give examples of deliquescent and efflorescent bodies. 

13. Explain the construction and use of a desiccator* 

14. How can crystals of certain solids be obtained without 
first dissolving them ? Are the conditions for obtaimng good 
crystals the same as those asked for in Question 2? Give 
reasona "" 

15. Explain the details of the method of obtaining a pure 
specimen of a solid from a mixture, by fractional crystallization. 



CHAPTER VIII 

SOME PROPERTIES OF AIR 

Preliminary QnestioiLS on Air. 

[These are to he anst€ered in your Fair NoMx)ok as explained 

on p. 87.] 

1. Name the three groups into which materials can be 
classified. Give one example of each group. 

2. What are the chief differences between (a) solids and 
liquids, {h) liquids and gases? [Write your answer in general 
terms, and if you give examples^ be sure that they are typical.] 

3. Name three distinct observations you have made which 
lead you to believe in the existence of air. 

4. How could you show that a so-called 'empty' flask 
contains air? What is meant by the word 'vacuum'? 

5. What is the meaning of the word ' atmosphere ' ? Does it 
mean the same as the word *air'? Explain the difference, 
if any. 

6. Explain the meaning of * fluid,* and contrast it with ' liquid*^ 

7. Name any other substances you have come across which 
you would put in the same class as air ? 

8. How would you arrange an experiment to find out if air 
expands on heating? 

9. What do you understand by the common statement — 
'The pressure of the atmosphere is 14^ lb. to the square 
inch'? 

10. How could you find out if air can easily be compressed ? 

11. What is the meaning of the word 'property' in the title 
of this chapter? Hake a list of the properties of air as far as 
you know them and state its chief functions. 
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Ssy.!. *p flad cfiit if air ItfM wtigkt 

Required: — Balance, flash 260 ex. capacity {or 
larger if the balance vnll take it), good cork, 
glcbss and rubber tubes, spring clip, measuring 
jar, beaker of water. 

DntBcnoNa 

A. Fit up the flask as shown in Fig. 81. 

Be carefbl that the cork and tube fit tightly. 

Weigh the flask with the 
gttu$tMb9 tubes and clip in posi- 

tion. (Use the rider.) 

Baoord the weight 

Temporarily connect a 
second glass tube to the 
robber above the dip. 

Through this tube suck out 
as much air as possible, 
closing the clip immedi- 
ately K 

Pirecaution : — Avoid letting saliva get into the per^ 

maTient tubes or flask* 
Bemove the extra glass tube, and weigh again, being 

careful to avoid draughts. 
Sacord the weight. 

B. Invert the neck of the flask in water, and open the clip. 
[Hold the flask by the neck — ^not the bulb.] 

Vote what happens. 

Close the clip again, and place the flask upright 
Four the water from the flask into a measuring glass. 
Vote the volume of water very accurately. 

^ If a Bunsen water-pump is available, air may be sucked from the 
flask by its use instead of by the method described above. 
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Laboratory Notes. 

Draw a diagram of the apparatus used and record weighings 
thus: — 

Weight of flask, &c., full of air • • = g. 

fj „ with some air withdrawn = g. 



Weight of air withdrawn , . = g. 



Volume of water = volume of air withdrawn = c.e. 
Calculate (a) the density of air relative to water, 
{h) the weight of 1 litre of air. 

(i) Why is it so necessary to avoid draughts when 
weighing ? 

(ii) Besides errors of weighing, what other errors are liable 
to be made ? State whether they would make your 
result too large pr too small. [The errors in this 
experiment are relatively large.] 

(iii) What fraction of the total air in the flask were you able 
to draw out ? 

(iv) (a) How could you proceed to find the weight of aU the 
air in the flask? (b) If you displaced the air in 
the flask by coal gas and then weighed it, how could 
you find the weight of 1 litre of coal gas without 
sucking out any of the gas ? 

(v) If a small rubber balloon were weighed (a) full of air, 
(h) without air inside, would any diflerence be ob- 
served ? Give reasons. 

(vi) Knowing that a solid weighs less in water than in air, 
do you think the weight in air would be different 
from the weight in a vacuum ? Give reasons. 

Problems (VIII. 1). 

1. Devise a means of finding whether air expands on heat- 
ing. Garry it out, if approved. 

2. Find the weight of a litre of coal gas. [Be careful to 
avoid bringing the gas near a flame.] 
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Szp. 2. To moasvre the •ayftniiaw of air boiwoen 0"* C. 
aaid 100* O. 

Required : — Ncmrow tube attached to scale and 
containing a pellet of mercury as in Fig. 32, 
thermometer, ice, beaker on stand. 

Directions. 

Place the tube with its scale in a beaker 
of water, and add small lumps of ice. 

Stir with a thermometer until the tem- 
perature is reduced to 0** C. 

Tap the tube to enable the pellet of mer- 
cury to take up its proper position. 

Vote the volume^ of the air and the 
temperature. 

Gradually heat the contents of the beaker 
to about 10* C. 

Remove the lamp, and stir vigorously for 
two minutes. 

Vote the volume of air and the exact 
temperature. 

Repeat this for intervals of 10"" C. up to 
lOO'C. 






1*. 
ii_ 

10 



8 



I 



] 
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Laboratory Notes. 

Record the volumes and temperatures in two 
columns and plot the results on squared paper, 
making the abscissae' represent temperatures 
and ordinates volumes. 
Expansion is measured by the increase in volume sustained 
by unit volume at 0® C. when heated through 1° C. 

*■ The volume of the air in the tube » area of cross-section x length. 
As the area of cross-section is the same at different parts of the tube, the 
volumes are proportional to the lengths as read off from the scale. 

' In Fig. 26, p. 102, the abscissa of the point p is By, the ordinate 
of p IB ptf. 
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Calculate as follows : — 

Volume at 0° C. . • ^axk (where k is area of 
yy y, lOO^G. . =5xA; crosS'Section) 

.*. iacrease in vol. between 0°and 1 00°:= {h-a)h 

.'. increase in volume (for a k units of yoI, at 0° G.) for I'' G. 

^ (&-a) k 
100 

.*. increase in yolume of unit vol. at 0^0. for 1° G. rise 

^axkxlOO 100a ' 
Express the result both in vulgar and decimal fractions. 
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Charies^B Law* Very aoourate experiments on the ex- 
pansion of air have i^own that 1 cc. at 0"" C. becomes 
Ijl^ C.C. at 1** C. This increase in volume undergone by 
unit volume of air at 0"* C, when heated through 1** C, 
is called the ' coefficient of expansion * of air. The numerical 
value of the coefficient is ^\^ or •00366. 

It has also been found that aU gases have the same 
coefficient of expansion, and this fact is comprised in the 
generalization (or general statement) known usually as 
Charlmi's Law — ^though it is sometimes ascribed to Dalton, 
and also to Oay-Lussac. 

The law may be expressed as follows : — 

The volume of a given masaofany gas ai (f C. increases by ^^ 
of (hie fxHume for every degree centigrade through which it is 
heated ; conversely, the volume decreases by -^ of its volume at 
if C* for every degree centigrade through which the gas is cooledt 
the pressure being supposed to remain cor^tant. 

Suppose a flask had a capacity of 273 cc., and that it coq- 
tained as before air at 0° G. On being heated from — 

0° G. to 1° G. its volume increases by -^f^ of 273 cc., i. e. by 1 cc. 
273 cc. at O'' G. become (273+1) cc at l^'G. 

„ „ (273 + 10) cc at lO'^G. 

„ „ (273 + 100) cc at 100°G. 

„ „ (273 + 273) cc at 273° G. 

Le. the volume is doubled at 273° G. 

If cooled below 0° G. the volume decreases by ^f^ of the 
volume at 0° G. 

Thus 273 cc at (f become (273-1) cc at - 1°C. 

„ „ (273-10) cc at - lO'^G. 

^ „ (273-273) cc at - 273° G. 

i.e. the volume is reduced to 0. 

The volume of a gas never can be reduced to zero, 
because before this temperature is reached, the gas becomes 
a liquid or solid ; in fact no gas obeys Charles's Law for 
very low temperatures. 
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Since —273'* C. is the temperature at which a gas should 
theoretically occupy no volume at all, it is sometimes 
called Absolute Zero or 0"" A. 

ThusO°A. = -273''C. 

lO^'A. = -263*'a 

273°A. = 0°C., &c., 

and the scale is called the Absolute Scale of temperature. 

In calculating the influence of temperature on the 
volumes of gases it is convenient to make use of the 
absolute scale, and so avoid the necessity for first reducing 
the volume of a gas to 0'' C. 

Thus, to calculate the new volume after 15 ex. of air 
at 10° C. have been heated to 20** C. :— 

Pirst change the C. degrees to A. degrees — 

10° C. = (10 + 273)° A. = 283** A, 
20° a = (20 + 273)° A. = 293° A, 
At 283° A. the volume is 15 cc. 

if 1 A. „ ,, "jfg^ CO. 

293" A ^-^J^l^ec 

99 *^^ ■^« 99 9t 283 * 

Charles's Law may be stated in the following convenient 
form : — 

21ie volume of a given mass of any gas varies directly as its 
absolute temperature, provided that the pressure is constant. 

If V be the volume of a given mass of gas and T its absolute 
temperature, the law states that Y « T. 

By algebra V= kT or =r = k (i), 

where k is some constant depending on the particular mass of 
gas used. 

If V changes to V owing to T changing to T', 
then V = kr or J = k (ii). 

Since ^ aad 7p>are both equal to k, = = ^, which is a useful 
symbolical statement of the law. 

K 2 



132 SOME PROPEBTIES OF AIB 

EXAMPLES Vm (a). 

!• Express 16° C, -16°C.,0°C., 273'' C.,- 273*' C. in degrees 
absolute. 

2. If some air occupies 117 c.a at 17° G., what is^>aoe will it 
occupy at 0*'C. ? 

3. A gasometer of 6,000 cm. capacity is half filled with 
coal gas at 15° C. What volume will the gas occupy when 
the sun has raised its temperature to 20° G. ? 

4. Some air at — 10°G. is heated to +10°G.y at which tem- 
perature it occupies 1 litre. What was the volume at — 10° G.? 

5. What is the density of air at 273° G. relative to that at 
0°G.? 

6. If the specific gravity of air at 0° G. be taken as 1, at what 
temperature will it have a specific gravity of *75 ? 

7. If a litre of air at 0°G. weighs 1*29 g., how many cubic 
centimetres will 1 g. of air occupy? and what will be the 
weight of 1 C.C ? 

8. A room measures 8 m. long, 5 m. broad, and 3 m. high. 
What weight of air will it hold at 0°G.? 

9. What volume of air at 15° G. will escape from a litre flask 
as its temperature rises from 0° G. to 15° G. ? What weight of 
air will the flask contain at 15° G. ? (For the weight of a litre 
of air at 0°G. see Question 7.) 

10. Describe how the mass of a litre of air may be found. 

11. A body occupying 250 c.c. is weighed in air and found 
to have a mass of 73-682 g. Find its true mass, taking 
the mass of 1 litre of air at the temperature of the room as 
1-292 g. 

12. Explain fully how Gharles's Law may be verified. 
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Szp. 8. To show that air oaa (a) be oompraMiad, (6) «x«rt 
presanre. 

Required: — Teatrtuhey gas-ja/t^ and glass cover- 
plate. 

Directions. 

A. Push an inverted test-tube straight down, an inch or 

two at a time, into a gas-jar nearly filled with water. 
Vote (a) whether any water enters the tube. 
Slowly raise the tube until it is near the top of the 

water. 
Vote (6) whether the air now occupies the whole tube 

or not. 

B. Fill the gas-jar with water, and cover it with a ground- 

glass plate. 
Keep the cover in position with your fingers, invert 
the jar, and then remove your fingers from the plate. 

C. Repeat B with the jar half full of water, inverting it 

over a sink containing water. 
Vote (c) what happens in each case. 

Laboratory Notes. 

Observations (a), (5), and (c). 

(i) What does observation (a) prove ? 

(ii) The result of (a) might be explained by saying that the 

air dissolved in the water. How do you know that 

this is incorrect ? 
(iii) Explain why the plate and water behind it do not fall 

down in By but do so in C7. 
(iv) Does the compression of the air in A depend on the 

depth to which the tube is pushed down into 

the water? Give reasons, 
(v) If B were constantly repeated with longer and longer 

tubes do you think the result would always be the 

same, or would a limit in the length be reached when 

the cover and water would fall ? Give reasons. 
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Sitp. 4. To ttfftwuf thm yrtgwuf of the atauMiphw, 

Required : — I%ick-^aUed gUiss tvhe 100 cm. long, 
sealed at one end ; funnel, dry mercury, trough, 
tray, cla/m/p on stand, metre scale. 

DlBECnONS. 

Clamp the tube with the open end uppennoet, and place 

it in the tray. By means of a funnel fill 
the tube with mercury to within 3 cm. of 
the top. Undamp the tube, and, after 
dosing the open end with your thumb, 
invert it two or three times to collect the 
minute air bubbles which adhere to the 
glass into one large bubble. 

Clamp the tube again, and completely fill 
it, and carefully invert it into a trough of 
mercury. Vote what happens in the 
tube. 

Gradually slope the tube; note again 
what happens. 

'^ Finally clamp the tube vertically, and 
measure the height of the surface of the 
mercury in the tube above that in the 
Fxo. 88. trough. 

Laboratoby Notes. 

Beoord all your observations carefully and draw a diagram. 

(i) Will the atmosphere support a column of mercury 
100cm. long? 

(ii) What is the measure of the atmospheric pressure 
reckoned by the height of the mercury column? 

(iii) Why is the measurement of the column of mercury 
supported by the atmosphere, taken as BC (Fig. 33) 
and not BD ? 
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(iv) Is there any air in AB ? Give reasons. 

(v) Taking the sp. g. of mercury at 13-6, calculate the 
maximum length of a column of water that would 
be supported by atmospheric pressure. 

(▼i) Explain why the mercury fills the tube when sufficiently 
inclined from the vertical 

The Barometer. The instrument made in the last ex- 
periment, and shown in Fig. 83, is the simplest form of a 
barometer — ^a word derived from Greek, meaning pressure* 
Tneaaure. 

The space AB contains nothing, and is called a vacuum — 
the Latin for ' empty space ' — or sometimes a Torricellian 
vacuum, after an Italian named Torricelli who first made 
a barometer. Inside the tube is the column of mercury 
BD pressing downwards. The portion CD is balanced by 
the pressure of the mercury in the trough, so that the 
atmospheric pressure balances the remainder BC. 

A barometer may be considered as one limb of a U-tube, 
the other imaginary limb extending from the trough 
upwards as far as the atmosphere reaches. The weight 
of the column of air in this imaginary limb, which is 
several miles long, balances the short column of mercury 
in the closed glass tube. Two barometers at the foot of 
a mountain would indicate the same pressure, but if one 
is carried to the top the mercury column diminishes in 
length, since the column of air in the imaginary limb is 
now shorter. The variations in the barometric height at 
a given place are due to alterations in the density of the 
column of air above the place. The density changes with 
change of temperature, and this causes currents of air or 
winds. If there were no air currents the barometric height 
at a given place would always be the same. The average 
height at sea-level is 760 mm. (about 80 inches), but the 
higher the place is above the sea, the lower is the baro* 
metric height. 

The simple type of barometer made in Exp. 4 is too 
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inconvenient for ordinary use, since it has not a fixed 
scale. Now a fixed scale would be useless unless the zero 
was always at the level of the mercury in the trough, but 
this level is lowered when that in the tube rises, and tdce 

veraa. The difficulty 



is overcome in the 
best barometers (e.g. 
Fortin*s barometer) 
by having the trough 
or cistern partly made 
of leather, which can 
be pushed up or let 
down by means of a 
screw so as to bring 
the level of the mer- 
cury to the zero of 
the scale. This is 
usually indicated by 
an ivory point fast- 
ened to the cover of 
the glass cistern, so 
that by turning the 
screw the mercury can 
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be adjusted so as to touch the point before a reading is taken. 
To increase the accuracy of the scale readings, a vernier 
is attached, as shown in Fig. 34. 



Szp. 5. To read the baromatvic ]i«ig]it on a Fortin's 
baroniotor. 

Adjust the screw carefully till the ivory point seems to 
meet its reflection in the mercury. 

Make out the construction of the verniers, and then 
adjust the lower edge of the vernier until it is a tangent 
to the meniscus. 

Take the reading both in centimetres and inches. 

Draw a careful diagram of the whole instrument. 
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Exp. 6. To find tho prenniro required to halve the 
▼olume of a ghren nuuNi of air. 

Required : — Mercury and tray^ J-tuhe cts in Fig. 35, 
cla/m/p and standi metre scale ^ small funnel. 



Directions. 

Take a narrow glass tube about 
120 cm. long and seal one end. 

Bend it into a J -tube, the short limb 
being about 20 cm. long, and having its 
end sealed at C (Fig. 35). 

Place a small funnel at the open end, 
and pour in enough mercury to fUl the 
bend. 

Slope the tube to let some air escape 

from the short limb until the level of 

the mercury in each limb is the 
same. 

Clamp the tube in a vertical posi- 
tion over a tray, and place a piece of 
gummed paper to mai*k the position 
of 5. 

By means of a metre rule measure 
very carefully the vertical height of B 
and C above the tray (or base of retort- 
stand), and by subtraction find the 
length of BC, and place a piece of 
paper to mark the middle point {E) 
oiBC. 

Bead the barometer. 

Pour in more mercury until the level 
in the short limb is at E. 

Measure the heights of the mercury 
levels E and F above the tray, and find 
the difference. 
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Laboratory Notbs. 

Diagram of appaiatua. 
Record of meaaurements thua : — 
Height of Cabove tray (D) . 



.'. length of BG 
Height of F aboYe tray (D) . 



mm. 
mm* 



nun. 



mm. 
nun. 



.'. difference in leyel between E and J^= nun. (X) 

Height of barometer == mm. (J) 

Pressure required to halve the volume of air used is that due 
to a column of mercury X+ F mm. high. 

(i) Explain why the pressure acting on the air at the end 
of the experiment is expressed as X+ F mm. ; why 
not X alone? 

(ii) What was the pressure on the air in BC at the begin- 
ning of the experiment? 
(iii) As the tube is cylindrical the volumes of air in BC and 
EC are proportional to the lengths BC and EC. 
Multiply these lengths by the respective pressures 
and compare the two results. 
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Bzp. 7. To find the relation between the ptewrare and 
▼olnme of a given mawi of air. 

Required : — Apparatus as in the la^t experiment 

Directions. 

Arrange the tube (Fig. 85) as at the begimiing of the 
last experiment, having the levels {A and B) the same in 
each limb. 

Measure the heights of B and C above the tray, and read 
the barometer. 

The distances from C to the levels in the short limb are 
proportional to the volumes of air in this limb. 

Pour mercury into the long tube till about ^ full. 

Measure the levels above the tray. 

Add a little more mercury and take similar readings, 
and repeat at least twice more. 

Laboratory Notes, 



Volume of air. 


Pressure. 


VoL X press. 


(1) {CDSD) = 

(2) Ac. 


760 mm.* 

760 + . . . mm. 


(GD-B2))X 760*= 



Plot a curve for the relation between the volume and pres- 
sure, making volumes the abscissae and the pressures the 
ordinates. 

(i) What conclusion do you draw from the results in the 
third column (FxP)? 

(ii) What are the chief sources of error connected with the 
experiment ? 



* Substitute the actual barometer reading. 
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Problem (VIII. 7). 

Find whether the relation between the volume and pressure 
holds good when the pressure is less than one atmosphere. 
[Use the same apparatus as in Exp. 6, but make the mercury 
fill three-fourths of closed limb, and only just come a little way 
up the open limb. Find the volume and pressure. Gradually add 
more mercury, and find volume and pressure each time. Stop 
when the level of the mercuiy in both tubes is the same. 
Plot another curve.] 

Boyle's Law. Exp. 6 has shown that when the pressure 
is doubled the volume is halved. Exp. 7 shows that, for 
the same mass of air, the product obtained by multiplying 
the pressure by the volume is approximately constant. This 
is also expressed by sajdng that the volume is inversely 
proportional to the pressure. 

lliese facts with regard to the eficct of pressure on a 
given mass of air were first discovered by Robert Boyle in 
1662. It has since been found that every other gas behaves, 
within certain limits, in a similar way. All these experi- 
mental facts are summed up in one general statement, 
called Boyle's Law, viz. : Whan the temperatiire is constaaty 
the ▼olnme of a given mass of gas is invenely pro- 
portional to the preeevre upon it. 

The law may be conveniently expressed in symbols 
thus : — Let P be the pressure, and V be the volume of a 
given mass of gas (at temperature T* A.) ; if the pressure 
is altered to P^, the volume changes to, say, V, 

Then the law states that PV=^P'V\T being constant. 
Suppose the volume F of a gas and its pressure P are known, 
and it is required to calculate the new volume V resulting 
from the pressure changing to P', which is also known. 

P 

From above equation y = F x 757 . 

By inserting the known values of F, P, and P", that of 
V is found. 
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EXAMPLES Vm (b). 

1. If 100 C.C. of air are under a pressure of 760 mm. 
of mercury, what will be the volume at (a) 780 mm., 
{b) 740 mm. ? 

2. When the barometer stands at 75 cm. some air occupies 
500 C.C. What additional pressure is needed to compress it to 
400 cc. ? 

3. If 1 cc. of mercury weighs 13*6 g., what would be the 
length (in cm.) of a colunm of water requisite to balance 
a column of mercury 76cm. long? 

4. The pressure on some coal gas changes from 28 in. of 
mercury to 32 in. At the latter pressure the volume is 6 litres. 
What was its volume before the pressure changed ? 

5. At a pressure of 14 lb. per sq. in. some air occupies 
15 cub. ft. What will be its volume under a pressure of 
(a) 12 lb. per sq. in., and {h) 16 lb. per sq. in. ? 

6. If the specific gravity of glycerine be 1-26, find the height 
of a glycerine barometer when that of a mercurial one is 30 
inches ? 

7. What decrease in volume of 1 litre of air at normal 
pressure will result from an increase of 20 mm. in the 
pressure? 

8. At what pressure will air have half its normal density ? 

9. What is the total pressure under which the density of 
air will be trebled ? 

10. Some air in an inverted cylinder standing over mercury 
measures 180 c.c. The level of mercury in the cylinder is 
20 cm. above that in the trough. The barometer stands at 
750 mm. Find (a) the pressure of the air, {Vj the volume it 
would occupy if mercury was poured into the trough until the 
level was the same as that in the cylinder. 

11. Find the pressure on the air in Question 10 when water 
is substituted for mercury. (Sp. g. of mercury, 13*6.) 

12. Describe the construction and method of using a stan- 
dard barometer. 

1 3. How may the truth of Boyle's Law be tested in the case 
of coal gas ? Give full detaQs. 
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ThiB alttration of tli# Toliime of » gmm duo to tho aimiil- 
taaooiui ftltoration of its tomporatiiro and premmno. 

B.y means of the laws of Boyle and Charles we can 
calculate the volume which a given mass of gas will 
occupy at any temperature and pressure, provided we 
know its volume at one temperature and pressure. 

Suppose it is required to find the volume of a gas at 
80'' C. and 780 mm. pressure, knowing that at W C. and 
770 mm. pressure it occupies 40 c.c. 

The calculation may be done in two stages : 

(1) Find the change in volume due to change in 

temperature alone, the pressure being supposed 
to remain constant, and then 

(2) Find the alteration in volume due to change of 

pressure, the temperature being constant. 

Thus (1) using the law of Charles — 

VoL at (273 + 16)** A. and 770 m.m. = 40 c.c. 

p. _ 40 

„ 1 A. „ „ -(273 + 16) ^•''* 

r2734.30^°A _ 40 X (273 + 30) 

„ (273 + 30) A. „ „ - (273 + 15) c.c. 

(2) Using the law of Boyle — 

xr 1 * /o^o . oA\o A J t 40 X (273 + 30) x 770 
VoL at (273 + 30) A. and 1 mm. s=: j— — — --^ c.c. 

(273+ 15) 
40 X (273 + 30) X 770 
„ „ 780 mm. « (273 + 15) x 780 "^^^ 

The symbolical expressions for the laws of Charles 
and Boyle may be combined for Uie purposes of such 
calculations. 

Using the same symbols as before — 

Boyle's Law is Foe ^ when T is constant. 

Charles's Law is Foe T „ P „ „ 

T 
Then by a theorem in algebra, Foe •= when both T and P vary. 
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T 
Hence l^=t-p (i), 

where k is a constant depending only on the mass of the gas. 
Suppose P changes to P', T to y, then F will change, say, 

to r. 

Then r=kp (ii), 

VP TP* 
Eliminating k we have -=- = —=- • 

Knowing any five of these quantities we can find the sixth. 

In comparing the volumes of gases it is necessary to 
know the conditions of temperature and pressure under 
which they were measured. If they were measured under 
the same conditions no correction is required. If, on the 
other hand, the temperature and pressure were not the 
same, the volumes must be corrected, i.e. reduced to 
the volumes they would occupy if they were at the same 
temperature and pressure. 

It is usual for purposes of comparison to reduce volumes 
to ' normal ' or ' standard ' conditions, i.e. O"" C. and 760 mm., 
often written as N.T.P. or S.T.P. 

For example, it is required to find if the volume of air 
driven off on boiling 2 litres of tap water is the same as 
that obtained from the same volume of another specimen^ 

In the first case, 30 c.c. of air measured at 780 mm. and 
IS"" C. are obtained. 

In the second case, 29 c.c. of air are collected, measured 
at 760 mm. and 10* C. 

Both these volumes must be reduced to the same tem- 
perature and pressure ; for example, to S.T.P. 

Using the laws of Boyle and Charles — 

(1) 30 CO. at 780 mm. and 15°G. become 

39 X 780 X 273 



760 X 288 



atS.T.P.=29-18cc. 



(2) 29 cc. at 760 mm. and 10°G. become 

29x760x273 .«-,-, ^^ ^^ 
760X283 '>*S'T.P,=28>07c.c 
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EXAMPLES Vm (c). 

1. At 16° C. and 740 mm. pressure a gas occupies 85 c.c 
What volume will it have at &T.P. (Le. O^'G. and 760 mm. 
pressure)? 

2. Find the volume at 25° C. and 780 mm. pressure of a mass 
of gas occupying 15 litres at S.T.P. 

3. What volume will 16 litres of air at — 10° G. and 750 mm. 
pressure occupy at + 10° G. and 770 mm. pressure ? 

4. The temperature and pressure of a certain volume of air 
(measured at 20° C. and 700 mm.) change to 10° C. and 800 mm. 
when it has a volume of 65 cub. in. What was the original 
volume ? 

5. A certain mass of gas occupies 18 c.c at 25° G. At 50° G. 
and when the barometer stands at 29 in. its volume is 21 c.c 
What was the original pressure in inches of mercury? 

6. What alteration in pressure would be necessary to change 
the volume of 3-5 cub. ft. of air at 7° G. and at a pressure of 
141b. per sq. in. to 3 cub. ft. at W*C. ? 

7. Find whether (a) 18 c.c of air at 740 mmu and 30° G., or 
(&) 18 cc of air at 750 mm. and 10° G., would occupy the 
greater volume at S.T.P. 

8. Galculate the weight of 1 litre of air at 15° G. and 750 nmi., 
taking the weight at S.T.P. as 1*293187 g. 

9. What is the density of air at S.T.P. relative to that of 
water at 4° G. ? Taking the relative density of mercury as 
13-6, calculate the height of the atmosphere on the assumption 
that its density is uniform. 

10. A litre of air at S.T.P. is heated to 125° G. and its 
density is found to have been halved; what alteration in 
pressure has it undergone? 



CHAPTER IX 

EVAPORATION, VAPOUR PRESSURE, AND BOILING 

OF LIQUIDS 

Pmliiwinary Questions on Evaporation and Boiling. 

1. When a saucerful of cold water is placed in the open air 
the water gradually evaporates. Explain what becomes of it, 
and state whether it yanishes slower or quicker (a) on a still 
clear day, (b) in a dry wind, (c) in a fog, {d) in bright sunshine, 
than on a dull cold day. 

2. Water disappears when boiled. Contrast boiling with 
evaporation, pointing out (a) the differences, {b) the similarities. 

3* Mention any liquids you know which evaporate 
(a) quicker, {h) slower than water, all being under the same 
conditions. 

4. Mention some liquids which boil at (a) lower, {h) higher 
temperatures than water. Do you think these lists will be the 
same as those in Question 3 ? 

5. Can solids evaporate? If your answer is in the affirma- 
tive, give examples. 

6. Do you think water will evaporate (a) at all, {h) as much 
when a dish of it is placed under a glass shade as when freely 
exposed to the air ? Give an account of any observations you 
have made. 

7. Will equal quantities of cold and warm water evaporate 
at the same rate? How could you test the truth of your 
answer? 

8. How is it that damp clothes dry quicker in front of a fire 
than in colder places ? 

9. If you wanted to evaporate a liquid quickly would you 
put it in a deep, narrow beaker, or in a wide, shallow dish ? 
Give reasons. 

10. Sum up the conditions which you think are favourable 
to rapid evaporation. 

L 
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Hxp. 1. To find the offaot of plaeing air and 
MUfoniotonia 



in 



Required: — 4 ftaromefer tubes with stand and 
trough^ mercury^ 4 hent pipettes^ freshly boiled 
water^ benzene. 

DntBCTIONS. 

A. Make four barometers, A^ B^ C7, and D, using perfecUy 

dean dry mercury, and place them side by side. 
By means of bent pipettes introduce a little air into B ; 

cold, recently boiled water into C; benzene into D. 

(In the case of liquids enough must be put to form a 

distinct layer above the mercury.) 
Vote the effects in each case, and measure the height 

of the mercury in each tube above that in the trough. 
Introduce a little more of the three substances into 

their respective tubes. 
ITote the tubes in which a further depression (a) does, 

(b) does not, occur. 
Now put a little benzene into C in addition to the water, 

and notioe the effect. 
Next, warm the upper part of each tube, either by 

holding it with your hand, or by moving a small 

flame along it. 
Hot0 the tubes in which there is a depression of 

mercury. 

Laboeatoby Notes. 

Diagram and complete observations for each tube in a 
schedule, thus: — 



Tube 


A 


B 


C 


D 


Space oyer mer- 
cuiy contains 


Nothing. 


Air. 


Water. 


Benzene. 


Effect of farther 
additions. 










Effect of warm- 
ing. 
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(i) Is the depression in the tubes C and D due to the 
liquid or its vapour ? Give reasons. 

(ii) How do you account for the difference of effects in B 
and C after further additions of air and water 
respectively ? 

(iii) How do you explain the results of heating the tubes? 

(iv) Explain clearly how you would find the pressure of the 
air in B. 

Vapour Presfmre. The last es^perixnent will have shown 

(a) that when different liquids are allowed to evaporate in 
a closed apaccj their vapours exert different pressures; 

(b) that, provided a certain minimum quantify of a 
liquid is present, an additional quantity does not increase 
the formation of vapour ; (c) that the vapour pire^sure in- 
creases with increase of temperature ; (d) that when a 
space contains the maximum amount of the yapour from 
one liquid, it does not prevent the formation of vapour 
from a second liquid when mixed with the ^rst. 

These facts bear a resemblance to those observed in the 
experiments of Chapter YI on the solubility of solids in 
liquids, and some of the terms used to describe the latter 
are also used to describe the former. The closed space 
corresponds to a given quantity of the solvent ; at a given 
temperature this space can only contain a certain quantity 
of a vapour, just as a solvent will only dissolve a fixed 
quantity of a solid at a given temperature. When the 
solvent has dissolved the maximum quantity of the solid 
it is said to be ' saturated ' with the dissolved solid ; so 
also, when a space contains the maximum amount of a 
given vapour, it is said to be saturated with the vapom*, 
and the vapour is said to exert the maximum vapour 
pressure of which it is capable at that temperature. The 
addition of more of the solid to a saturated solution 
does not cause any more solid to dissolve, neither does the 
addition of liquid to a saturated vapour cause any more 
liquid to evaporate, but an increase of temperature generally 

La 
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increases the solubility of a solid, the amount of the 
increase depending on the nature of the solid. Just as an 
increase of temperature increases the saturation pressure 
of the vapour, so the exact amount of increase depends 
on the liquid used. Further, if a solid is put into a saturated 
solution of a second solid, the first will dissolve just as 
if the other were not present ; so a space saturated with 
one vapour will allow another liquid to evaporate into 
it to the same extent as into a vacuum. (In both cases 
it is assumed that the two solids and the two liquids 
exert no ' chemical ' action on one another.) 

Exp. 1 shows how the saturation pressure of a vapour 
can be found at the air temperature. By surrounding the 
top of the tube with a water-jacket, and by placing water 
at different temperatures in it, the saturation pressure at 
any other temperature up to 100'' C. can be found. 

In measuring the total pressure due to two vapours a 
different form of apparatus is required, because the addition 
of the second vapour depresses the mercury and enlarges 
the volume occupied by the first vapour. From Boyle's 
Law it follows that if the volume occupied by a gas or 
vapour increases, its pressure is diminished. Hence, before 
measuring the total pressure, the volume must be made 
the same as before. When this is done it is found that 
a mixture of vaponm, e. g. water and benzene, exerts a 
pressure equal to the sum of the pressures of the separate 
vapours. This fact was discovered by John Dalton, and 
is known as the la/w of partial pressures. It only applies 
to vapours of liquids which have no solvent action on one 
another. If a mixture of alcohol and water is used, the 
total vapour pressure is found to be less than the sum of 
the separate vapour pressures. The same is true of other 
liquids which can mix with (i. e. dissolve in) one another. 

The word ' tension ' is often used for ' pressure ' in this 
connexion, e. g. * the ** tension " of aqueous vapour at 15** C. 
is 12-7 mm. of mercury.' 
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Eraporatioii. These facts lead to a better understanding 
of the process of evaporation. It has been shown that a 
liquid will only evaporate to a limited extent in a dosed 
space at a given temperature. In an open space, however, 
the evaporation will go on untH there is no liquid left, 
provided that the space never becomes saturated with the 
vapour. It follows that water at the air temperature will 
not evaporate at all on a wet day, because the atmosphere 
is saturated with water vapour at that temperature. If, 
however, the water (and consequently the air in its 
vicinity) is heated, evaporation will go on until the air 
is saturated at the higher temperature. When air saturated 
with water vapour is suddenly cooled, part of the vapour 
condenses to a liquid, just as a hot saturated solution 
precipitates some of the solid on cooling. Warm currents 
of air, saturated with aqueous vapour, when cooled by 
contact with colder air or land, deposit their vapour in 
minute drops, causing fogs or clouds. 

Sbullition. On heating a liquid in air its vapour pressure 
gradually increases, and evaporation proceeds at an in- 
creasing rate, until a temperature called the boiling-point 
is reached. Provided that the vessel is not closed, it is 
impossible to raise the temperature of the liquid above 
this point. 

It is plain that the vapour is formed, not only at the 
surface, as in evaporation at lower temperatures, but 
throughout the whole mass of liquid, especially at the 
part nearest the source of heat. Hence, boiling or ebullition 
is a special case of evaporation, taking place throughout 
the liquid, and not merely at the surface. 

The question arises as to what the pressure of the vapour 
is at the boiling-point, and why the temperature remains 
constant until the liquid is entirely converted into vapour. 
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Szp. 2. To show the influence of temperatnre on fhe 
preerare of water ▼4ponr. 



Required : — Appd/ratus as in Pig. 86. 

l)lBECnONA. 

Through the open end X (Fig. 86) of the U-tnbe (bore= 
5 mm.) pour in eofloe dry mercury. 

Incline it so as to replace the air 
in the closed limb entirely with 
mercury. 

Fill up the open limb also to 
within 5 mm. of X, and then fill 
the remaining space with recently 
distilled water. 

Close X with the thumb, and in- 
vert the tube until the water passes 
to the bend ; then carefully incline 
it until the water reaches B. 

Pour out about three-quarters of 
the mercury in the open limb, being 
careful to avoid letting air into the 
closed limb. 

Clamp the tube in a beaker of 
water, as shown in Fig. 86. 

Heat the water until it boils, and 
observe the level of mercury in both 
Fte. se. limbs. 




Laboratory Notes* 

Draw a diagram, and record all your observations. 

(i) What is the pressure of the aqueous vapour in B when 
the water in the beaker is boiling ? 

(ii) Try to account for the fact that at atmospheric pressure 
a liquid cannot be heated beyond its boiling-point. 
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(ill) What becomes of all the heat supplied to a boiling 
liquid from the lamp ? 

(iv) How do you explain the fact that pure water boils on 
some days at 99*5'' 0. and at others at 100*5^0. ? 

(y) Would you expect any difference to be found in water 
boiling (a) at the top, (b) at the foot of a mountain on 
the same day ? Give reasons. 

(yi) What was the object of using recently distilled water? 
Would unboiled tap water have given similar results ? 
State reasons. 

Fboblem (IX. 2). 

Sepeat the experiment using benzene instead of water in the 
U-tube ', and constantly stir the water in the beaker during the 
experiment Note the temperature when the level of mercury 
in both limbs is the same. 

Then find the boiling-point of benzene, using a water-bath 
to heat the liquid, (^e water should be hot before putting 
the vessel containing the benzene in the bath, and the flame 
should be turned out.) 

Compare the two temperatures. 

' A fresh dry U-tabe must be used. 



162 EVAPORATION, VAPOUR PRESSURE, ETC. 



EXAMPLES IX. 

1. The volume of some dry air standing in a graduated tube 
over mercury reads 50 c.c. The height of the mercury in the 
tube above that in the trough is 15 cm. ; the barometer read- 
ing is 755 nmL What is the pressure of the air? What 
volume would it occupy at 760 nmi. pressure ? 

2. 200 c.c. of air stand in an inverted cylinder over water at 
10°C. The water level is the same inside and outside the 
cylinder. What is the pressure of this air? [Barometer 
reading is 753 mm. ; tension of aqueous vapour at 10° C. is 
9-1 mm.] 

3. 50 C.C. of air saturated with moisture at 15°G. stands over 
mercury as in Question 1. Find the pressure of the dry air 
at 15° G. and its volume at 760 mm. of mercury pressure. 
(Pressure of water vapour at 15°C.=12-7 mm. of mercury,) 

4. How could you find out whether some air confined in 
a tube over mercury was dry or not ? 

5. In what way would you find whether water at 0°G. 
exerts any vapour pressure ? Give details of your method. 

6. Mercury boils at 358° G. Would you expect it to exert 
a vapour pressure at 15°G.? Do you think that the space 
above the mercury in a barometer tube is a perfect vacuum ? 
Give reasons? 

7. 100 C.C. of dry air are measured at 20° G. and at 765 mm. 
pressure. If the air be now saturated with moisture what 
volume will the damp air occupy, its pressure remaining 
765 mm.? [The pressure of aqueous vapour at 20° G. is 
17-4 mm.] 

8. What weight of water vapour is contained in 1 cubic 
metre of air saturated at 20° G. and having a pressure of 
753 mm. ? [Pressure of aqueous vapour at 20° G. is 17-4 mm., 
and weight of 1 litre of aqueous vapour at 0° G. and 760 mm. 
is -8064 g.] 



CHAPTER X 

IDENTIFICATION OF SUBSTANCES BY THEIR 
PHYSICAL PROPERTIES 

The experimentB of preceding chapters have shown how 
some of the common physical properties of substances can 
be ascertained. In order to identify a given substance 
it is necessary to investigate as many of these properties 
as possible, and to compare them with those of known 
substances. In this investigation mere inspection informs, 
us to which of the three great groups — solids^ liquids, and 
gases— it belongs. The more obvious properties, such as 
colour, crystalline form, smell, taste, may possibly be 
useful; but they will not take us far, since many sub- 
stances have the same colour^ several have the same 
crystalline form, and, if the substance is a powder, this 
distinction fails ; many, again, have no smell or taste. It 
is therefore necessary to make experiments with a view 
to ascertaining those properties which though less obvious 
are more distinctive. 

Solids. In the case of solids the relative density, 
melting-point, and solubility in liquids will usually give 
the means for identification; the density can always be 
found with accuracy, and as scarcely any two substances 
have the same density, this is perhaps the most valuable 
method. The melting-point is useful where the quantity 
of the body is small, and as it can be quickly determined, 
this means is very often used ; the solubility takes longer 
to determine, and as it varies so much with slight changes 
of temperature, is not so useful as the others. 

In addition to these properties it is often helpful to find 
whether the substance is hard or soft, brittle or malleable, 
i. e. capable of being beaten out into a thin sheet, like lead^ 
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tin, copper, &c. Though it is difficult to lay down rules 
for procedure to cover all possible cases, the general idea 
is to make as complete an investigation as possible; in 
this way the chances of mistaking one substance for 
another, owing to their possession of several common pro- 
perties, are considerably reduced. 

Suppose it is required to find out whether two white 
powd^:^ are different substances or merely two specimens 
of the same substance. The quickest way is to determine 
their mdtiTig'poirds, having first found a suitable liquid in 
which to heat them. 

If they do not melt at a suMciently low temperature, 
a determination of their densities should be made. To do 
this, first find some liquid in which they are insoluble; 
weigh each in air, and then find their volumes by displace- 
ment of the liq\iid. 

In testing the solubility it might happen ih&i a difference 
between the substances would be revealed; in this case 
the problem is solved, because a single distinction is enough 
to show thd.t they are different. It must be remembered, 
however, that a single resemblance is not enpugh to prove 
that they are identiCaL 

It is usual to speak of the peculiarities which substances 
possess with regard to density^ melting-point, &c., as 
^ characteristic ' or ' specific ' properties ; the terms character- 
istic lEuid spedjic meaning the same as 'distinguishing,' 
* peculiar,' or ' spiBcial.' Thus sulphur has the characteristic 
property of melting at 114'' C, and has a specific gravity 
of 2*07. Where a numerical value can be giVen to the pro- 
perties considered, such values are referred to as ih^ physical 
constants of the substance. For example, the physical 
constants of tin ate M.F. 235'' C» ; sp. g. 7-3 ; latent heat 
of fusion 14*25, &c. 

Uquids. The most characteristic properties of a liquid 
are its boUing-poi/rd and specific gravity. Very few liquids 
have the same B.P., and in those cases where they are 
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nearly the same ihere is generally some obvious property, 
such as smell, by which they can be distinguished. The 
determination of the boiling-point is a valuable means for 
finding whether a given liquid is a mixture or a single 
substance. A mixture has very rarely a constant boiling- 
point, whereas a pure liquid always has. 

The specific gravity is most accurately and quickly 
ascertained by means of a specific gravity bottle. 

Oased. Using air as a typical gas it has been sho^n to 
possess mass, but to have a very much loWer density than 
water; to expand considerably on heating; to be slightly 
soluble in water ; to exert pressure ; and to be easily com- 
pressible. Since the rate of expansion and compression 
are the same for all gases, these two properties are of no 
help in identification. Gases difier most in density, but 
they are usually distinguished by other properties, which 
will be dealt v^ih in Part ll of this Book. 

The three phyidcal states of matter. Solids, liquids, 
and gases all have certain propertied in commoh, such as 
the possession of mass, occupation of space, &c. These 
fundamental properties are those by which material things 
are distinguished from immaterial things, like light, heat, 
&c. The tel'm matter is very difficult to defiQe> but it will 
suffice for our purposes to consider it as anything having 
mass and occupying space. Solids, liquids, and gases are, 
therefore, three forms of matter readily distinguished from 
one another by certain properties^ such as rigidity in solids, 
lack of rigidity, i. e. fluidity, in both liquids and gases ; 
very low specific gravity, high coefficient of expansion, 
&c., distinguish gases from liquids. Now it is well known 
that the same substance can eidst in the solid state at 
certain temperatures, and in the liquid or gaseous states 
at others. For instance^ ice, water, and steam are the solid, 
liquid, and gaseous forms of the same substance. Hence 
it is usual to refer to these different forms in which matter 
exists as the three physical states of matter. 
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Problems in Identification 

1. Find out whether the liquid A is pure alcohol by deter- 
mining its boiling-point. 

2. The liquid B is suspected to contain, besides water, 
another substance of nearly the same boiling-point Find 
whether this is so or not by determining its density at the 
temperature of the laboratory, and comparing the result with 
that for water at the same temperature. 

3. It is uncertain whether C is Epsom salt or not. Devise 
a means of settling the question. 

4. D is a specimen of salt, but may contain a trace of fine 
sand. Find out whether it does or not. 

5. The lump of metal E is either pure copper or an alloy 
containing a lighter metal. Which is it ? 

6. Ascertain whether F is pure washing soda by finding its 
percentage of water of crystallization. 

7. The yellow solid 6 is either brass or iron pyrites ; find 
which it is by determining its density. 

8. Find out whether H is iodine or graphite (blacklead). 

Data Bequired.— B. P. of alcohol, 79° C. ; sp^ g. of copper, 
8-93. Washing soda contains 62*9 per cent, of water ; sp. g. of 
brass, 8 ; sp. g. of iron pyrites, 5. 



ADDITIONAL PRACTICAL PROBLEMS 

1. Test the accuracy of a burette by weighing 10 c.c. of 
water taken £rom it. Take lOcc. from yarious parts of the 
burette, and compare the results with the mass of 10 c.c. of 
water at the temperature of room* (Befer to tables for this.) 

2. Find the volume of a metal sphere. Calculate the volume 
of a cylinder of equal height, and having the area of its 
circular end equal to that of a central section of the sphere. 
Compare the two volumes and deduce an expression for the 
volume of a sphere in terms of v and r, 2r being the diameter 
of the sphere. 

3. Work Problem 2 for a right cone instead of a sphere. 
Obtain a formula for the volume of a cone in terms of t, r 
(radius of circular end) and h the height. 

4. Weigh a piece of zinc foil of known area. Find its 
relative density. Hence calculate its thickness. Measure the 
thickness directly by a screw gauge and compare the two 
results. 

5. Find the length, thickness, and mass of the given piece 
of wire ; hence calculate its density. Weigh it in water and 
find its relative density by the method of Archimedes. Com- 
pare the two results. 

6. Determine the mass of 1 c.c. of a saturated aqueous 
solution of blue vitriol. Weigh the given crystal of blue 
vitriol in air and then in the saturated solution. Hence find 
the density of the crystal relative to that of water. 

7. Find the mean area of cross-section of the given capillary 
tube about 10 cm. long. Fill the tube with mercury and empty 
into a weighed dish ; weigh again and find the volume of the 
mercury, given that its sp. g. is 13*6. Measure the length of 
thread at different parts of the tube and take the mean. 
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8. Ascertain the relatiye density of sand, by weighing some 
in a sp. g. bottle of known weight. Fill up with water, and 
'weigh again. Henoe find the volume of sand and then its 
relative density. 

9. Find the melting-point of fusible metal, iodoform, or of 
picric acid, first findiag a suitable liquid in which to heat it. 
(For temperatures above 100° C. glycerine is usefiiL) 

10. Ascertain the boiling-point of acetic acid (vinegar), and 
find whether the sample is pura 

1 1. Obtain as pure a sample of benzene as possible from ' 50 
per cent, commercial bemsene.* The pure liquid boils at 79^ C. 

12. Find the percentage weight of nitre in gunpowder. 
Use about 2 grams. Heat in water. Filter, wash with hot 
water. Evaporate the filtrate, and weigh the solid. Dry the 
residue at 100° C. Weigh this and check the first result. 

13. Determine the weight of dissolved solids in 50 c.c. or 
more of tap-water. Hence calculate the weight per litre. 

14. Determine the solubility of potassium chlorate or potas- 
sium chloride in water, at intervals of 10° C, starting at the 
air temperature. Plot the curve. 

15. Weigh out an exact quantity of salt (about 7 grams) and 
dissolve it in 50 c.c. of water. Find the volume of the solution 
and calculate the volume of water that should be added to it, 
so that lOOcc. of the new solution may contain 5 g. of salt. 
Add this quantity of water and, after shaking, evaporate 20 c.c. 
to dryness. From the weight of salt obtained find whether 
your calculation was correct. 

16. Find whether the sand supplied is free from (a) volatile 
matter, (b) soluble matter. 

17. From powders of potassium ferro-cyanide, chrome alum, 
potassium chlorate, lead nitrate, sal-ammoniac, obtain well- 
formed crystals. 

18. Weigh out about 20 g. of green vitriol and about 10 g. 
of sulphate of ammonium. Mix them and dissolve in the 
minimum quantity of boiling water. Filter and crystallize. 
Compare the obvious properties of the crystals obtained with 
those of the original substances. 
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19. Prepare a pure gpeciineii of aalt from the rock salt 
supplied. Dissolye in pure water, filter if necessary, and 
crystallize. Dry the crystals, and if they are coloured or 
deliquescent reciystallize them. Explain what has become 
of the impuritiea 

20. The given mixture contains equal weights of potassium 
chlorate (white) and potassium bichromate (red). Obtain 
a pure specimen of the former by fractional crystallization. 



REVISION QUESTIONS 
Chaps. I-X 

N.B. — l)iagram9, should he g'wen wherever they make the 

answer fnore complete. 

1. What precautions have to be taken when measuring 
a length by means of a scale ? Give a diagram to illustrate 
your answer. What is the name for the error introduced by 
neglecting this precaution ? 

2. How would you measure the thickness of one page of 
a book ? Explain clearly the reasons for your method. 

3. Explain the object of taking the * mean * of a number of 
observations rather than a single observation. 

4. Give a clear and concise account of the use of the vernier. 

6. Make a drawing (from memory) of a screw gauge. 
Describe (a) its construction, and {b) the method of using it. 

6. Answer Question 5 for the sliding calipers. 

7. Describe two methods for finding the area of an irregular 
surface. Compare them on the point of accuracy. 

8. Find an expression for the area of a regular octagon in 
terms of the length of one side (Z) and half the distance (p) 
between the middle points of two opposite sides. 

9. Describe a pipette ; explain how and for what purpose it 
is used. How can the accuracy of its graduation mark be 
tested ? 
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10. What is a menisous? Describe two forms. 

11. When a pipette half immersed in a liquid is tightly 
closed with the thumb and lifted up, one or two drops £gJ1 out. 
Explain why this occurs. 

12. Answer Question 9 for a burette and measuring jar. 

13. Give an account of the structure of a Bunsen burner 
and of the Bunsen flame. 

14. How would you proceed to make a thistle funnel from 
a piece of glass tube ? 

15. What are the chief precautions to be taken in fitting 
up apparatus involving a flask, cork, and glass exit tubes ? 

16. What is meant by ' latent ' heat ? By what experiments 
would you convince a person that (a) heat can be rendered 
latent, (&) that latent heat can be recovered ? 

17. In finding the boiling-point of a liquid, what are the 
necessary precautions with regard to (a) the position of 
the thermometer; (fi) bumping; (c) pressure of the atmo- 
sphere? 

18. What form of apparatus would you use to find the 
boiling-point of an inflammable liquid such as ether? 

19. What parts of a balance are most liable to damage if 
badly used or insufficiently protected? What precautions 
should be taken to avoid such damage ? 

20. Examine the truth of the popular statement — 'Bodies 
weigh less when hot than when cold.' 

21. Define the terms 'density,' 'specific gravity,' 'relative 
density.' How would you determine the sp. g. of water at 
80° C? 

22. Describe a relative density bottle, and explain how it can 
be used to determine the relative density of powdered salt. 

23. Two liquids, A and JB, are to be mixed in the proportion 
of 2 : 3 by weight. Sp. g. of J. is '7, of £ 1*7. What volume 
of A must be taken for 100 c.c. of JB ? 

24. State the principle of Archimedes, and explain a method 
for proving its truth. Point out the possible errors in the 
method. 
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25. A solution has a relative density of 1*8. How many c.c. 
of water must be added to 1 litre of it to reduce its relative 
density to 1*5? 

26. Two liquids of relative densities '8 and 1*6 stand in 
a U-tube. The heights of their free surfaces above the bench 
are 35 cm. and 25 cm. respectively. What is the height of 
the surface of separation above the bench ? 

27. Explain the meaning of the term 'pressure.' Compare 
the pressures at a depth of 12 cm. due to a column of (a) water, 
(5) mercury (sp. g. = 1 3-6). At what depth would the water- 
pressure be equal to that of 12 cm. of mercury? 

28. Devise an experiment to show that the pressure at 
a given point under water is the same in a horizontal direction 
as it is in a vertical direction. 

29. What method do you consider is the most accurate for 
finding the relative density of a liquid ? Carefully point out 
its superiority to two other methods. 

30. Define the terms 'filtration/ 'evaporation,' Recanta- 
tion,' ' distillation,' and state the object of these processes. 

31. Point out the differences between the fusion and itolu- 
tion of a solid. When a solid is dissolved in water a reduction 
in temperature is ofi;en noticed ; explain this. 

32. Explain in detail how to determine the solubility of 
a solid in water at 60^ C, giving all particulars necessary for 
ensuring accuracy. 

33. 30 C.C. of a solution weighed 33-315 g. and gave 8-865 g. 
of solid on evaporation. Calculate (a) the solubility of the 
solid, (h) the weight of solid in 100 cc of the solution. 

34. How can the percentage of soluble and insoluble matter 
in a mixture of solids be found ? Give all details necessary 
for accuracy and for checking the result. 

35. Describe the process of fractional distillation and explain 
its use. 

36. What is a crystal ? What are the best conditions for 
obtaining well-formed crystals from a solution ? 

37. State the meaning of ' amorphous,' 'deliquescent,' 'efflor- 
escent.' Mention substances to which the terms apply. 

V 
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38. Explain how the process of fractional crystallization is 
carried out. State its object 

39. Some water contains salt and sand. How could you 
find the percentage weight of the three substances? 

40. Describe some form of desiccator. How may it be used 
to dry a volatile solid ? 

41. How could you separate a mixture of graphite and 
iodine without using a liquid? 

42. Describe an accurate barometer and explain how it is 
used. 

43. State the laws expressing the relation between the 
volume of a gas and its temperature and pressure. Explain 
clearly how each law may be verified. 

44. What is meant by the expression ' tension of aqueous 
vapour at 16° C. is 12-7 mm.'? 

If some moist air fills a tube at a pressure of 760 mm. of 
mercury and at 15° 0., what is the pressure of the dry air? 

45. Explain the difference between evaporation and ebulli- 
tion. Define the term ' boiling-point ' of a liquid ; and show 
how you could verify your definition experimentally. 

46. How would you determine the vapour pressure of alcohol 
at 60° C. ? 

47. What is meant by the expressions, ^saturated solution' 
and ^ saturated vapour ' ? 

48. What are the chief differences (a) between solids and 
liquids, {h) between liquids and gases ? 

49. A given powder may be a single substance or a mixture 
of two. How would you proceed to find out which it was? 



ANSWEKS TO EXAMPLES 



Examples I (a), page 19. 



1. (a) 


W {c) 


2. (a) 


W {c) 


3. (a) 


(&) (c) 


4. (a) 


(6) (c) 


5. 


W W 


6. 




7. 




8. 




9. 




10. 555*5 cm. 




11. (a) 16093 Km. 


(h) 8-046 Km. 


12. (a) 30169m. 


(ft) 331-3 


13. 100-14 cm. 




Examples I (b), page 26. 


1. 


W (c) 


2. («) 


(ft) (0) 


3. 




4. (a) 


W 


5. (a) -36 sq. m. 


(&) 3,600 sq. cm. 


6. 292-8 sq. cm. 




7. 6-6 dm. 




8. 7626 m. 




9. 648-26 sq. m. 




10. 6*25 sq. cm. 




11. (a) 28-2744 sq. cm. 


(6) 7-0686 sq. cm. 


12. 24 mm. 




13. 3 cm. 




Examples I (o), page 9e. 


1. (a) 


(6) 


2. (a) 


W ic) 




H2 
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3. 53*927 1. 

4. 600 0. mm. 

5. (a) 3675 c.c. {b) 3-675 1. 

6. 117-48 cm. 

7. 29-41 cm. 

8. 37-3065 cm. 

9. 6-66 sq. cm. 

10. 10 sq. mm. 

11. 16-386 cc; 27-025 1. 

12. 1000 m. 

Questions on Chap, m, page 60. 

5. 37-7^ C. ; -17-7° C. ; -35-5°C. 

6. 104^ P. ; 41 36° P. ; 89-6** P. ; 14° P. 

Page 68. 

(1) 12 cm. (2) 9-33 g. 

Examples IV, page 68. 
1. 
2. 
3. 
4. 

5. (a) 308130-71 eg. (6) 3-0813071 Kg. 

6. (a) 202354 g. {h) 2-02354 Kg. 

7. 2-62 g. 

8. 25-664 g. 

9. 5-452 g. 

10. 118095 g. 

11. 100. 

12. 70875 g. 

13. 20-65 mg. 

14. (a) 453-6 g. {b) 1016-064 Kg. 

15. 33-333 sq. cm. 

16. 1-163 g. 

17. 142-3 cc. 
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Qnestions on Chap. V, page 85. 

1. 7*58 g. per c.c. 

2. 11 M C.C. 

3. .8. 

4. 13.6. 

5. 9-06 g. per c.c. (approx.) 

8. 13807 g. 

9. 5263' 16 sq. cm. 

10. 9579. 

11. 3168 g. 

12. 3078 g. per sq. cm. 

13. 123. 

14. .2376. 

15. 2.65. 

16. 27. 

17. 28-18 percc. 

18. 8606. 

Examples VI (a), page 108. 

1. 34.7. 

3. (a) 73.5. (ft) 14° C. 

5. 398 g. 

6. At 19° C. 114 g. ; at 30° C. 143 g. 

7. 38-6 g. of salt ; 1-4 g. of lead chloride. 

Questions on Chap. VII, page 124. 
9. 363 per cent. 

Examples VIII (a), page 182. 

1. 288° A. ; 258^ A. ; 273° A. ; 546° A. ; 0° A. 

2. 11014 C.C. 

3. 6104*166 cm. 

4. 929 1. 

5. .5. 

6. 91° C. 



IM ASSWEBS ID EXAMFUS 



11. 74^y>5g. 



1. ^tf) 97-4 e^ ; (b) 102-7 ec 

2. 18-75 cm. of BMranj. 

3. 10Sa-6cni. 

4. 6^57lsCiHu 

5« (a) 17-5 cab. It ; (6) 13-125 eoli. & 

6, 323-8 indMS. 

7. -0257 L 

8« 380 jDuil. of nmcmy* 

9* 2280 mBL of macuij <»> 3 atnio^iiens. 

10. (a) 550 mm. of mefcozj. (5; 132 clcl 

11. (a) 735-3 mm. (&) 176^7 cc 

Bnmplas vm (c), pa^o 144. 

1. 78-44 ce. 

2. 1595 L 

3. 16'77 L (approx.) 

4. 76-91 c.e. 

5. 31-21 inehes. 

6. IncTMMe of 2-74 lb. per sq. in. 

7. (a) 16-7 cc (6) 171 ccL 

8. 1*209704 g. 

9. (a) -0012932 (approx.) ; (6) 8 Km. (approx.) 
10* Beduced to 55-9 cm. of meroury. 

Examples IX, page 162. 

1. 605 mm. ; 39*8 c.c. 

2. 743*9 mm. 

3. 592*3 mm. ; 38*96 c.c. 

7. 102*3 C.C. 

8. 17.2 g. 
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Bevicdon Questions, page 160. 
23. 161-9 C.C. (approx.) 

Page 161. 

25. 600 C.C. 

26. 15 cm. 

27. 1:13.6; 1632. 

33. (a) 36-2 (approx.). {h) 29.65 g. 

Page 162. 
44. 747*3 mm. 
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ENGLISH AND ROMAN LA W. 



A Hebrew and Bnglish Lexioon of the Old Teetament, with 

an Appendix containing the Biblical Aramaic, based on the TheeanniB 
and Lexicon of Geeenias, by Francis Brown, D.D., S. B. Driver, D.D., 
and G. A Briggs, D.D. Parts I-XI. Small 4to, af. 6<l. each. 

Thesaums Syriaous i collegenmt Qoatrem^re, Bernstein, Lorabach, 
Amoldi, Agrell, Field, Boeder: edidit B. Payne Smith, aT.P. 
YoL I, containing Fascionli I-V, sm. foL, 5I. 5<. 
Vol. II, completing the work, containing Fasciculi VI-X, 81. 8«. 

A CompendioTiB Syriao Diottonary, founded upon the above. 
Edited by Mrs. liargolioath. Small 4to, complete, 63s. n«f. Part lY, 
15s. fMf. Airfe L'lll can no longer be supplied. 

A Dictionary of the Dialects of Vernacular Syriac as spoken 

by the Eastern Syrians of Kurdistan, Korth-West Persia, and the Plain 
of M09UI. By A J. Maclean, M. A., F.B.G.S. Small 4to, 150. 

An English-Swahili Dictionary. By A. C. Madan, M.A. Second 

EdUwnj RefHaed, Extra fcap. Svo, 7s. 6d. nei. 

Swahili-English Dictionary. By A. C. Madan, M.A. Extra fcap. 
Bvo. 78. 6d, net, 

A Sanskrit-English Dictionary. Etymologically and Philologically 
arranged, with special reference to cognate Indo-European Languages. 
By Sir M. Monier-Williams, M.A, E.G.LE.; with the collaboration of 
Prol E. Leumann, Ph.D. ; Prol C. Gappeller, Ph.D. ; and other scholars. 
New Ediiionf greaUy Enlarged and Improved, Cloth, beveUed edges, 32. 1 3s. 6d. ; 
half-morocco, 42. 4s. 

A Gkreek-English Lexicon. By H. G. Liddell, DJ)., and 

Bobert Scott, D.D. Eighth Edition^ Bevieed. 4to. i2. i6s. 

An Etsrmological Dictionary of the English Language, 

arranged on an Historical Basis. By W. W. Skeat, LittD. 2%lrd 
Edition, 4to. 2I, 49. 

A Middle-English Dictionary. By F. H. Stratmann. A new 
edition, by H. Bradley, MA., Ph.D. 4to, half-morocco. i2. ii«. 6d. 

The Student's Dictionary of Anglo-Saxon. By H. Sweet, M.A., 

Ph.D., LL.D. Small 4to. S8,6d,net, 

An Anglo-Saxon Dictionary, based on the MS. collections, of the 
late Joseph Bosworth, D.D. Edited and enlarged by Prof. T. N. Toller, 
M.A Parts I-III. A-SAB. 4to, stiif covers, 15s. each. PartlY, f z, 
SAB-SWtDBIAN. Stiif covers, 8«. 6d, Part IV, f a, SWf|>-SNEL- 
ihPMEST, i8«. 6d. 

An Icelandic-English Dictionary, hased on the MS. collections of 
the late Bichard Oleasby. Enlarged and completed by G. Yigfdason, 
M.A 4to. 3{. 7s. 

2. LAW. 



Anson. Prvadples of the 

En^iah Lokw qf CMroct, and of Agency 
in its Relation to Contraet. By Sir 
W. B. Anson, D.G.L. TetUh Edition. 
Svo. los, 6d, 



Anson. La/uo and Custom of 

the OonstUution, a vols. Svo. 
Parti. Parliament. Third EdUion. 

128, 6d. 

Partll. TheOrown. SeoondEd.t^, 



O^ord: 0Iar«n4oii Vtem, 
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Bryoe. Studies in History and 

Jurispntdence. 2 Vols. 8vo. By the 
Right Hon. J. Bryce, M.P. 25s. net, 

Goudy. Von Jhering's Law 

in Daily Life. Ti-anslat«d by H. 
GouDYjD.C.L. Crown 8vo. ^.6d.net 

Digby. An Introduction to 

IhB History qf the Lato qf Real Property, 
BySirKenelmE.Digby,M.A. Fi/lh 
Edition, 8yo. 128. 6d, 

Qrueber. Lex AquUia. By 

Erwin Graeber. 8 yd. ios. 6d, 

Hall. International Law, By 

W.E.HalI,M.A. Fifth Edit, Revised 
by J. B. Atlay, M.A. 8yo. ais. net, 

—^ ATreatiseontheForeign 

Powers and Jurisdiction of the British 
Croum, 8vo. io». 6d, 

Holland. Elements of Juris- 
prudence, By T. £. Holland, D.G.L. 
Ninth Edition, 8yo. los. 6d, 

• Studies in International 

Law, 8yo. io«. 6(2. 

OentUiSy Alberici, De 

lure BeUi Lihri Tree, Small 4to, 
half -morocco. 21s. 

The Institutes of Jus- 

tiniari, edited as a recension of 
the Institutes of Gains. Second 
Edition, Extra fcap. 8yo. 5s. 

The European Concert 

in the Eastern Question, a collection 
of treaties and other public acts. 
8yo. I2S. 6d. 

Holland and Shadwell. Select 

Titles from the Digest of Justinian, By 
T. E. Holland, D.C.L., and C. L. 
Shadwell, D.G.L. 8yo. 14s. 
Also sold in Parts, in paper coyers — 
Part I. Introductory Titles. 2s,6d, 
Part II. Family Law. is. 
Part III. Property Law. 2s, 6d, 
Partly. Law of Obligations (No. I ), 
3«. 6d, (No. 2), 4s. 6d, 

Ilbert. j?%e Oovemment of 

India, Being a Digest of the Statute 
Law relating thereto. With His- 
torical Introduction and niustra- 
tiye Documents. By Sir Courtenay 
Ilbert, K.O.S.I. 8yo, half-roan. 2 is. 



Ilbert. Legislative Fc/rms and 

Methods, 8yo, half-roan. 168. 

Jenks. Modem Land Law. 

By Edward Jenks, M. A. 8yo. i5«. 

Jenkyns. British Rule and 

Jurisdiction beyond the Seas, By the 
late Sir Henry Jenkyns, K.C.B. 
8yo, half-roan. 165. net, 

Markby. Elements of Law 

considered urith r^erenoe to Principles qf 
OenerdUuritprudence, By Sir William 
Markby. lyth Edition. 8yo. 12s, 6d, 

Moyle. Imperatoris lus" 

tiniani Institutionum Libri Quattiuyr, 
with Introductions, Commentary, 
Excursus and Translation. ByJ. B. 
Moyle, D. C. L. Fourth Edition, 2 yols. 
8yo. Vol. 1. 16». Vol. 11. 6«. 

Contract of Sale in the 

Civil Law, 8yo. los. 6d, 

Pollook and Wright. An 

Essay on Possession in t?ie Common Law, 
By Sir F. PoUock, Bart., M. A., and 
SirR.S.Wright,B.O.L. 8yo. 8».6d. 

Poste. Oaii Institutiommi 

Juris CivilisCommentariiQwxttuor; or, 
Elements of Roman Law by Gains. 
With a Translation and Commen- 
tary by Edward Poste, M.A. Fourth 
Edition, reyised and enlarged, by 
E. A. Whittuck, M.A., B.C.L. With 
an Historical Introduction by A. H. 
J. Greenidge, D.Litt. 8vo. 165. net. 

Radolifib and Miles. Cases 

lUustrating the Principles qf the Law of 
Torts, By F. R. Y. Radcliite, K.C., 
and J. C.MiLES, M. A. 8yo. 1 25. 6d, net 

Sohm. The Institutes, A 

Text-book of the History and 
System of Roman Priyate Law. 
By Rudolph Sohm. Translated by 
J. C. Ledlie, B.C.L. Second Edition, 
revised and enlarged, 8yo. iSs, 

Stokes. The Anglo-Indian 

Codes. By Whitley Stokes, LL.D. 

YoL L SubstantiyeLaw. 8yo. 30s. 

Vol. II. Adjectiye Law. 8yo. 35a. 

First and Second Supplements to 

the aboye, 1 887-1891. 8yo. 6s,6d, 

Separatdy, No. i, 2s,6d, ; No. 2, 4a,6d, 



London 1 Hknxt Fbowdb, Amen Corner, E.G. 
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8. HISTOBY, BIOGBAPHY, ETC. 



Asser. Life of King Alfred^ 

together with the Annals of St. 
Noets, erroneouBly ascribed to 
Asser. Edited with Introduction 
and Commentary by W. H. Steven- 
son, MA. 2 vols. Crown Svo. i2s,net, 

▲nbrey . * Brief Lives,* chiefly 

of ContemporarieSf set down by John 
Aubny, between ths Tears 1669 and 
1696. Edited from the Author's 
MSS., byAndrewClark, M.A., LL.D. 
With Facsimiles. 2 yols. 8yo. 25s. 

Ballard. T/ie Domesday Bor- 
oughs, ByAnoLPHUsBALLABD^B.A., 
LL.B. Svo. With four Plans. 6s, 6d. 

net, 

Barnard. Companion to Eng- 
lish History {Middle Ages), With 97 
Illustrations. By F. P. Barnard, 
M.A. Crown Svo. Ss. 6d. net, 

Boswell'B Life of Samuel 

Johnson, LL,D, Edited by G. Birk- 
beck Hill» D.C.L. In six yolumes, 
medium Svo. With Portraits and 
Facsimiles. Half-bound. 3!. 5s. 

Bright. Chapters of Early 

En^ish Oiimh History* By W. 
Bright, D.D. Third Bditiim. Bevised 
andEfdarged, With a Map. Svo. 12s, 

Bryce. Studies in History 

and Jurisprudence, By J. Bryce, M. P. 
2 vols. Svo. 255. net, 

Butler. The Arab Conquest 

qf Egypt and the last thirty years of the 
Roman Dominion, By A. J. Butler, 
D.Litt., F.S.A. With Maps and 
Plans. Syo. 16s, net. 

Chambers. The Mediaeval 

stage. By E. K. Chambers. With 
two illustrations. 2 vela. Svo. 25s.net, 

Clarendon's History of the 

ReibeUion and Civil Wars in England, 
Re-edited by W. Dunn Macray, 
M.A., F.S.A. 6 yols. CrownSvo. 2I, 5s. 

Earle and Plmnmer. Two of 

the Saocon Chronicles, ParaU^, toith 
Supplementary Extracts Jrom the others, 
A Revised Text, edited, with Intro- 
duction, Notes, Appendices, and 



Glossary, by 0. Plummer, M JL, on 
the basis of an edition by J. Earle, 
M.A. a vols. Cr. Svo, half-roan. 
Vol. I. Text, Appendices, and 

Glossary. los. 6d, 
Vol. II. Introduction, Notes, and 

Index. 1 25. 6d, 

Fisher. Studies in Napole- 

onic Statesmanship, — Qermany, By 
H. A. L. Fisher, M.A. With four 
Maps. Svo. 129. 6(2. net. 

Freeman. The History of 

SicUyJrom the Earliest Times, 
Vols. I and II. Svo, cloth. 2l,2s, 
Vol. III. The Athenian and 

Carthaginian Invasions. 248, 
VoL IV. From the Tyranny of 

Dionysios to the Death of 

Agathoklds. Edited by Arthur 

J. Evans, MA. ait. 

Freeman. The Reign of 

WUliam Rt^us and the Acoesaion 0/ 
Henry the First, By E. A. Freeman, 
D.C.L. a vols. Svo. iL i6s, 

Qardiner. The Constitutional 

Doouments of the Puritan Revohttion, 
i6aS>-i66o. ByS.R. Gardiner,D.C.L. 
Second Edition, Crown Syo. io«. 6d, 

Gross. The Cfild Merchant; 

a Contribution to British Municipal 
History. By Charles Gross, Ph.D. 
a vols. Svo. 24s. 

Hill. Sources for Greek 

History between the Persian and Pdopon- 
nesian Wars, Collected and arranged 
by G. F. Hill, M. A. Svo. los. 6d, 

Hodgkin. Italy and her In- 

venders. With Plates & Maps. Svols. 
Svo. By T. Hodgkin, D.C.L. 

Vols. I-II. Second Edition, 42s, 

Vols. III-IV. Second Edition. 365. 

Vols. V-VI. 36«. 

Vols. VII-VIU (completing the 
work), 245. 

Johnson. Letters of Samuel 

Johfison, LL.D, Collected and Edited 
by G. Birkbeck Hill, D.C.L. a yols. 
half-roan. 285. 

JohnsonianMisceUanies, 

2 vols. Medium Svo, half-roan. aSs. 



Oxford : Olarendon Frest. 
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Kitohin. A History of France. 

By G. W. Kitehin, D.D. In three 
Volumes. Crown 8yo, each los. 6(2. 
YoL L to 1453. YoL II. 1453- 
1624. Yol. III. 1624-1793. 

Kyd. The Works of Thomas 

Kyd, Edited from the original 
TextSi with Introduction, Notes, 
and Facsimiles, by F. S. Boas, 
M.A. 8yo. 158. nest, 

Lewis {Sir 0. Gornewall). 

An Saaay on the Qovemment qf De- 
pendencies, Edited by C. P. Lucas, 
B.A. 8vo, half-roan. 14s. 

Luoas. Historical Geography 

qf Uu British CoUmiss, By C. P. Lucas, 
B.A. With Maps. Cr. Syo. 

The Origin and Growth of the 
English Colonies and qf their 
System of Oofvemment (an Intro- 
duction to Mr. C. P. Lucas's 
Historical Geography of the 
Colonies). By H. £. Egerton. 
28. 6d, Also in binding uniform 
with the Series. 3s. 6d, 
Yol. I. The Mediterranean and 
Eastern Colonies (exclusive of 
India). 5s. 
Yol. II. The West Indian Colo- 
nies. 'js,6d, 
Yol. III. West Africa. Second 
Edition, revised to the end 0/1899, 
by H, E. Egerton, *js, 6d, 
Yol. lY. South and East Africa. 
Historical and Geographical. 
9s. 6d» 
Also Yol, lY in two Parts — 
Part I. Historical, 6s. 6d. 
Part II. Geographical, 3s. 6d, 
Yol. Y. The History of Canada 
(Part I, New France). 6s. 

Iiudlow. The Memoirs of 

Edmund Ludiow, Lieutenant-Oenerdl of 
the Horse in the Army qf the Common' 
loeaW^qfEnglandy 162 $-i6'j 2. Edited 
by C. H. Firth, M.A. a vols. 368. 

Iiyly. TheWorksofJohnLyly. 

Collected and edited, with facsim- 
iles, by R. W. Bond, M. A. In 3 vols. 
8vo, uniform with Kyd, 42s. net. 



n Principe. 

Edited by L. Arthur Bard, M.A. 
With an Introduction by Lord 
Aoton. 8vo. i4«. 

Herriman. Life and Letters of 

l^iomas OromwelL With a Portrait 
and Facsimile. By B. B. Merriman, 
B.Litt. 2 vols. 8vo. i8«. net 

Morris. The Welsh Wars of 

Edtoard I. With a Map. By J. E. 
Morris, M.A. 8vo. 9s. 6d, net. 

Oman. A History ofthePenin- 

sularWar, 6 vols. 8vo. With Maps, 
Plans, and Portraits. By C. Oman, 
M.A. Yol. I, 1807-1809. 14s. net. 
Vol. II, Jan.-Sept., 1809 (from the 
Battle of Corunna to the end of the 
Talavera Campaign). 148. net, 

Payne. History of the New 

World called America» By E. J. 
Payne, M.A. 8vo. 
Yol. I, containing The Discovery 

and Aboriginal America, iSs, 
Vol. II, Aboriginal America (con- 
cluded), 148. 

Flummer. The Life and Times 

of Alfred the Great, By Charles 
Plunmier, M.A. Crown 8vo. 58. 
net, 

Poole. Histoi'icai Atlas of 

Modem Europe from the decline qf the 
Roman Entire. Edited by R. L. 
Poole, M.A. 5^ 158. 6d. net. Each 
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for 18. 6d. net, 

^rothero. Select Statutes and 

other Constitutional Documents, HJ/uslTa' 
tive qf the Reigns qf Elisabeth and 
Jamesl. Edited by G. W. Prothero, 
M.A. Cr. 8vo. Edition 2, 108. 6d, 

Bamsay (Sir J. H.). Lancaster 

and York. (a.d. i 399-1485). 2 vols. 
8vo. With Index. 378. 6d, 

Bamsay (W. M.). The Cities 

and Bishoprics ofPhrygia. 

Yol. I. Parti. The Lycos Valley 
and South- Western Phrygia. 
Royal 8vo. 188. net. 

YoL I. Part II. West and West- 
Central Phrygia. 2 18. net. 
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Banke. A History of Eng^ 

Umd, prineipaUy in ike S nm i i Mn th 
Omtury, By L. Ton Ranke. Trans- 
lated under the superintendenoe of 
G. W. Kitchin, D.D., and C. W. 
Boaae, M.A. 6 yols. 8to. 63s. 
Reyiaed Index, separately, it. 

Baahdall. The UniversiHea qf 

BunpeiniheMiddUAgts, By Hast- 
ings Rashdall, MJL 2 yoIs. (in 3 
Parts) Syo. With Maps. al. 5s. net, 

Bh^ Studies in the Arthur- 

ton LegenO, By John Rh^s, MJL 
8yo. I2A. 6(1. 

Cdtic Folklore: Welsh and 

Manx. By the same, a vols. Svo. a is. 

Rogers. History of Agricul- 
ture and Prices in England, ▲. d. i a 59- 
1 793. By J. E. T. Bogera, M. A. Svo. 
Vols. I, II (i 259-1400), ^28. Vols. 
Ill, IV (i4oi-i58a), 50s. Vols. V, 
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Sanday. Sacred Sites of the 

Qospde. By W. Sanday, D.D. With 
many illustrations, includingdraw- 
ings of the Temple by Paul Water- 
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Soaooario. De Necessariis 

Observaniiis Scaecarii Dialogus. Com- 
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Edited by A. Hughes, C. G. Crump, 
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Smith's Lectures on Justice^ 

PoUce^ Revenue and Arms. Edited, 
with Introduction and Notes, by 
Edwin Cannan. Svo. los. 6cX. net, 

Wealth of Nations. 

WithNotes, byJ.E.ThoroldBogerB, 
M.A. ayola. 8to. a is. 
Smith (V. A.). The Early His- 

tcry qf India, from 600 B.C. to the Mu- 
hammadan Conquest, including the 
Invasion of Alexander the Great. By 
Vincent A. Smith, M.A. Syo, with 
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Stubbs. Select Charters and 

other lausbrationa <if English ConsOtU' 
iional History, from the EarUest Times 
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and edited by W. Stubbs, D.D. 
Eighth Edition, Crown 8yo. 80. 6(2. 

The Constitutional His- 
tory qf England, in its Origin and 

DeoeXimewt. Library EdUion, 3 Tols. 
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Seventeen Lectures on 
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Baoon. Novum Organv/m, 

Edited, with Introduction, Notes, 
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Berkeley. The Works of 

George Berkeley, D,D., formerly Bishop 
ofCtoyne; induding mamy qf his vjrit' 
ings hitherto unpublished. With Pre- 
faces, Annotations, Appendices, 
and an Account of his I^fe, by A. 
CampbellFraser,Hon.D. C.L.yLL. D. 
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The Life arid Letters, 
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Bosanquet, M.A. 8yo. a is. 
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BuOer, D.C.L,, sometime Lord Bishop 
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Hon. W. E. Gladstone, a yols. 
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wel, with Introduction by E. T. 
Campagnac, M. A. Cr.8yo. ds.6(2.iis(. 
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Induotiye, combined in a single 
volume. Extra fcap. 8yo. 79. 6((, 

Fowler and Wilson. The 

Prineipl6B of Morals. By T. Fowler, 
p.D., and J. M. Wilson, B.D. Svo, 
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Green. Prolegomena to Ethics. 

By T. H. Green, M.A. Edited by 
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Hegel. The Logic of Hegel. 

Translated from the Encyclopaedia 
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Prolegomena to the Study of Hegel's 
Logic and Philosophy. By W.Wal- 
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and Augmented. 2 vols. Grown Svo. 
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Hegel's Philosophy of Mimd. 

Translated from the Encyclopaedia 
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Five Introductory Essays. By Wil- 
liam Wallace, M.A., LL.D. Grown 
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Hume's Treatise of Hwman 

Nature. Edited, with Analytical 
Index, by L. A. Selby-Bigge, M.A. 
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Enquiry concerning 

the Suiman Understanding. Edited 
by L. A. Selby-Bigge, M.A. Second 
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Leibniz. The Monadology and 
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lated, with Introduction and Notes, 
by Robert Latta, M.A., D.Phil. 
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Vol. I. The Sun, Planets, and 
Gomets. a is. 

Vol. II. Instruments and Prac- 
tical Astronomy, a is. 
Vol.IIL The Starry Heayens. 14s. 
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ing Human Understanding. By John 
Locke. GoUated and Annotated 
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Theory. By James Martineau, D.D. 
Third Edition, a yols. Gr. 8yo. 15s. 
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a yols. Grown Svo. las. net, uni- 
form with Hume^s Treatise and .^- 
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Spinoza. A Study in the* 

Ethics of Spinosa. By Harold H. 
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Wallace. Lectures and Essay s 
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Edited, with a Biographical Intro- 
duction, by Edwa^ Gaird, M.A. 
Svo, with a Portrait, i as. 6d, 
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De Bary. Comparative Ana- 
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de Bary. Translated by F. O. 
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Fischer. The Structure and 
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Miall and Hammond. The 

structure and Ltfe-History of the 
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Plants. A Treaiise upon the MetaboHan 
and Sources qf Enargy in Plants. By 
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Balfour, M.A.. M.D., F.R.S. Royal 
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